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eproductive biology is one of the fundamental fields for
development of productive conservation protocol for elite and
threatened medicinal plants and there is always a buzz all over the
globe to unravel the basic and detailed information about the
reproductive biology of important species preferably for their genetic
improvement through hybridization as well as for development of
conservation protocol. To develop a suitable prescription and panacea-
understanding of reproductive biology, seed biology and breeding
behaviour is regarded to be of nuclear importance as well as the central
element (Wafai and Nawchoo, 2001).
The reproductive biology of flowering plants is important for determining
barriers to seed and fruit set and for understanding pollination and
breeding systems that regulate the genetic structure of populations.
Knowledge of reproduction is crucial for understanding the causes of
rarity and conservation of rare plant taxa (Kruckeberg and Rabinowitz,
1985; Kaye, 1999). Herbaceous perennials that do not reproduce
vegetatively depend on seeds to recruit new individuals into populations.
In order for new plants to establish in a population, flowers must be
pollinated to form fruits, ovules must be fertilized, sustained with
R
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nutrients, and escape predation to form viable seeds, and seeds must be
dispersed to suitable substrates for growth and germinate. Any weak link
or break in this chain of events curtails a plant’s ability to reproduce and,
if constant over space and time, may contribute to a species’ rarity and
impede its conservation (Kaye, 1999).
Any conservation approach has to be based on an in-depth study of plant
reproductive biology. Reproductive characteristics such as seed dispersal,
germination capacity, survival rate of seedlings and adults, age at
flowering, reproductive lifespan and number of flowers and seeds refer to
a set of responses that allow a species to adapt to a particular
environment. Besides these, the processes of gamete development,
pollination, endosperm and embryo development and other reproductive
features can provide important clues regarding the reproductive
constraints of plants that need conservation (Moza and Bhatnagar, 2007).
Studies of reproductive biology of plants help in understanding the nature
of species adaptation, speciation, systematics and reproductive success
(Anderson et al. 2002; Neal and Anderson, 2005, Anderson et al., 2006).
Many factors affect the reproductive success of flowering plants. Among
these factors the timing, frequency and duration of flowering period
collectively referred to as phenology is obviously of great importance.
The phenology of a species not only encompasses when, how often, and
how long reproduction takes place but also determines the degree of
reproductive synchrony with other plant species (Rathcke, 1988). Plant
reproductive biology has been studied from several perspectives
including phenology, floral biology and seed dispersal spectra. Various
studies on reproductive biology reveal that the optimal time for flowering
and fruiting is determined by biotic and abiotic factors (Friedel et al.,
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1993; Johnson 1993; Petanidou et al., 1995) and a combination of
interaction of both kinds of factors related to seed dispersal (Oliveira,
1998) and seed germination (Burtt, 1970). Differences in phenological
patterns at community level have been reported to be mainly due to life
forms which promote a wider distribution of reproductive events in
habitats and overall community (Ramirez, 2002).
Peganum is a genus of five to six species distributed in the old world
from the Mediterranean to Mongolia and in the New world from Texas to
Mexico (Decraene et al. 1996).Although it belongs to the family
Zygophyllaceae but its taxanomic position is still debatable and a separate
family Nitrariaceae has been proposed for this genus (Decraene et al.,
1996, Shehan and Chase, 1996). Peganum harmala L. (2n = 24) is a
perrenial herb growing in Africa, the Middle East, India, Pakistan, South
America, Maxico and several other countries (Kartal et al., 2003). The
plant grows normally in semi-arid conditions, steppe areas and sandy
soils.
The plant is known as “Espand” in Iran, “Harmel” in North Africa and
“African Rue”, “Maxican Rue” or Turkish Rue” in the United States
(Mahmoudian et al., 2002) and “Izband” in Kashmir. In Jammu and
Kashmir State, as per the KASH Herbarium records, the plant is found
wild in Ladakh, where as in Kashmir, it is found common in graveyards,
dry banks and mountain deserts. Peganum harmala is a medicinal plant
with anti inflamatory and analgesic properties (Monsef et al., 2004),
antimicrobial (Arshad et al., 2008), anti-fungal (Diba et al., 2011).
Different plant parts of Peganum harmala contain several phenolic
compounds and other alkaloids such as harmine, harmaline, harmalol,
vasicine, vasicinone etc. which, besides being medicinally important, also
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possess strong inhibitory activity on growth and germination of other
plants (Sodaeizadeh et al., 2009; Mohamoudian et al., 2002; Panhwar and
Abro, 2007). The alkaloid extract of seeds from Peganum harmala is
considered to have anti cancerous activity which could prove as a novel
anticancer therapy (Lamchouri et al., 1999). The seeds of the plant are
well known for fragrance and for insect killing properties when burnt.
Because of increasing exploitation of this plant in its natural population
for its wide use in traditional medicine and since the plant grows as wild
and not cultivated, it is facing the problem of extinction (Saini and Jaiwal,
2000).
As far as phonological episodes of the family Nitrariaceae in general and
the genus Peganum in particular are concerned little work has been done.
Only Abott et al., 2007 conducted studies on Peganum harmala (African
rue) in Northern Chichuahuan desert. Floral development and vascular
anatomy of Peganum harmala has been studied in detail by Decraene et
al. (1996) to address some of the key questions regarding the systematic
position of Peganum harmala in relation to other members of
Zygophyllaceae. Allelopathic activities of different plant parts of
Peganum harmala have been studied in detail by Sodaeizadeh et al.
(2009). In their study the leaves of Peganum harmala were found most
toxic followed by stem and roots.
Several phenolic acids/growth inhibitors were found responsible for the
allelopathic activity so that this plant could be effectively used as a
natural herbicide for weed control instead of synthetic herbicides. Similar
toxicity activity of Peganum harmala has also been reported by
Mahmoudian et al. (2002). The anatomical and palynological studies of
Peganum harmala were reported by Koyuncu et al. (2008). Despite its
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wide distribution and invasive status in many parts of the world, studies
on reproductive biology aspects of this plant have not been studied
comprehensively. The reproductive biology such as floral organization,
foraging of pollinators, reproductive success, seed production, and factors
operating on seedling recruitment has not been studied so far. Also the
study of reproductive biology in such species can provide valuable
information for the identification of obstacles threatening the viability of
populations (Torres et al., 2002).
In Kashmir Himalaya the species grows in sloppy caravas, the soils with
low moisture retention capacity and graveyards. Although a myth, the
smoke from burnt seeds of Peganum harmala are used as devil repellant
and against evil eyes in Kashmir. Perhaps there is no family in Kashmir
where the ‘Izband’ is not used at spiritual occasions (marriages, child
birth). However, unfortunately this important plant has not been
scrutinized for its reproductive biology. Therefore it was thought
worthwhile to undertake the reproductive biology of this prized species
with the aim to understand the bottlenecks in its reproduction. Owing to
its medicinal and traditional significance, the present work has been
devised to understand the reproductive biology of this species from
flowering to seed dispersal and germination to increase baseline
information on its biology and identify deficiencies in its capacity to
reproduce.
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2.1: Distribution
Zygophyllaceae is a family of c.a = 24 genera and 240 species
(Mabberley, 1987), most of the species being xerophytic or halophytic in
nature. The members of the family grow in arid habitats in all warm parts
of the world (Decreane et al., 1996). Peganum constitutes five to six
species distributed in old world from the Mediterranean to Mongolia and
in the New World from Texas to Mexico (Table 1).
Table 1: World distribution of different species of the genus
Peganum
Species Continent Country
Peganum harmala Asia China, India, Afghanistan,
Kazakhstan, Kyrgyzstan, Mongolia,
Pakistan, Tajikistan, Turkmenistan,
Uzbekistan, W. Asia, Iran, Iraq,
Syria, Turkey, Jordan, Israel, Greece,
Arabia.
Europe Russia, S. Europe
N. America USA, northern Mexico
Africa N. Africa
Australia Australia
Peganum multisectum Asia China
Peganum nigellestrum Asia China, Mongolia
Europe Russia
Peganum mexicanum N. America USA
Source: Flora of China (2008) and (Hooker, 1875)
Peganum harmala is native to arid and semi-arid regions of Northern
African and Asian deserts that have spread to parts of the southwestern
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United States and northern Mexico (Abbott et al., 2007). It is a drought
tolerant plant in arid parts of Central Asia, North Africa and Middle East
and has been introduced in America and Australia (Mahmoudian et al.,
2002). According to Frison et al. (2008) Peganum harmala is native to
eastern Mediterranean region and widely distributed in Middle East,
India, Mongolia and China. The species covers a wide area of great
Paleo-arctic desert complex, ranging from Morocco, Spain, and eastward
across the Mediterranean region, the Middle East, Central Asia of Gobi
Desert in the Mongolian People’s Republic and northern China
(Porter,1974). In India it is usually found in drier parts of Jammu and
Kashmir, Punjab, Haryana, Rajasthan, Utter Pradesh and Delhi (Hajra,
1977).
2.2: Taxonomy
Peganum harmala L., a member of family Zygophyllaceae commonly
known as African Rue or Syrian Rue is a densely foliaged, herbaceous
medicinal species, growing from a perennial woody rootstock (Sheahan
and Cuttler, 1993).There are numerous problems in the delimitation of
the family. Attempts have been made by systematists to segregate some
genera into independent families. Diverging views on relationships
within the family are reflected in view of its supra familial status.
Zygophyllaceae has been placed by different authors in five different
orders. Most workers have treated Zygophyllaceae as having a
relationship to Geraniaceae (Geraniales) or to Sapindales/Rutales.
Hutchinson (1973) and Thorne (1992) indicated its relationship to
Linales/Malpighiales. A summary of proposed relationships is given in
Table 2.
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Table 2: Taxonomic treatments of the Zygophyllaceae (Sheahan and
Chase, 1996)
Author Order Family
Engler, 1931 Geraniales Zygophyllaceae (Including
Balanites)
Willis, 1931 Geraniales Zygophyllaceae (Including
Balanites)
Lawrence, 1960 Geraniales Zygophyllaceae (Including
Balanites)
Scholz, 1964 Geraniales Zygophyllaceae (Including
Balanites)
Cronquist, 1968 Geraniales Zygophyllaceae (Including
Balanites in samaroubaceae)
Takhtajan, 1969 Geraniales(but connected to
Rutales)
Zygophyllaceae,
Nitrariaceae, Peganaceae,
Balanitaceae
Hutchinson, 1973 Malpighiales (derived from
Tiliales)
Zygophyllaceae,
Balanitaceae
El-Hadidi, 1975 Zygophyllaceae,
Nitrariaceae, Tribulaceae,
Balanitaceae (Tetradicilis &
Peganum to be excluded)
Heywood, 1978 (Sapindales, Geraniales,
Polygales) complex
Dahlgren, 1980 Geraniales Zygophyllaceae,
Nitrariaceae,Peganaceae,Bal
anitaceae
Cronquist, 1981,
1988
Sapindales Possible with Balanitaceae,
Nitrariaceae, Peganaceae as
Satellite families.
Takhtajan, 1980,
1983
Rutales Zygophyllaceae (including
Peganaceae) (Tetradicilis to
be excluded) Balanitaceae,
Nitrariaceae
Takhtajan, 1986 Rutales Zygophyllaceae,
Nitrariaceae, Peganaceae,
Balanitaceae,
Tetradiclidaceae.
Thorne, 1992 Linales Zygophyllaceae,
Balanitaceae.
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Peganum harmala and Malacocarpus were long considered to be either
member of Zygophyllaceae or closely allied to them based on similarities
in pollen, flower and fruits; for example, Engler (1931) put Peganum and
Malacocarpus in their own subfamily Peganoideae and Tetradicilis in
Tetradiclidoideae, both within Zygophyllaceae. Hutchinson (1967) also
included these three genera in the same family. Singh and Kaur (1998)
commented on similarities between Peganum harmala and some Fagonia
and Zygophyllum species in pollen morphology, floral anatomy,
embryology and chemotaxonomy.
More recently, however, there has been general lack of agreement about
their (Peganum and Malacocarpus) taxonomic position. Dahlgren (1980)
excluded these from Zygophyllaceae. El-Hadidi (1975) reported the
presence of certain compound in Peganum and Tetradicilis which are not
common in Zygophyllaceae and later El- Hadidi (1977) suggested that
they should be excluded from Zygophyllaceae on account of morphology
and chemical differences. Soueges (1953) unlike Singh and Kaur (1998)
found no relationship in embryological features between Peganum
harmala and Zygophyllaceae and suggested that Peganum should be
placed in separate family Peganaceae. Both Peganum and Malacocarpus
differ from other members of Zygophyllaceae in many characters,
including multicellular, capitate trichome, elongated leaf epidermal cells
alternating with shorter cells, the presence of hypodermis in stem,
angular thin walled pericycle fibers that sometimes form a complete
cylinder and the absence of bracy sclereids in leaf tissue. These
anatomical differences are more important and justify their separation
(Shehan and Cutler, 1993).
Chapter – 2 Review of Literature
10
Recent molecular studies on rbcl gene have indicated that Peganum and
Malacocarpus together with Nitraria of the family Zygophyllaceae form
a well-supported clade within sapindales (Sheahan and Chase, 1993;
Gadek et al., 1996) in the eurosid II group senso APG (1998) close to
Rutaceae and Meliaceae. Sheahan and Chase (1996) and Savolainen et al.
(2000) also confirm the position of Tetradiclis as sister to Peganum and
Malacocarpus within Tetradiclidaceae. In Angiosperm Phylogeny Group
(APG II) 2003 Tetradiclidaceae and Peganaceae are listed as possible
synonyms of Nitrariaceae, though they are also recognized as accepted
alternative. APG III (2009) favors the inclusion of Tetradiclidaceae and
Peganaceae in Nitrariaceae, but there are many dissimilarities between
these families e.g. leaves of Nitraria are simple and fasciculate but in
Peganum and Malacocarpus they are pinnatified, with an unusual
arrangement of epidermal cells; the fruit of Nitraria is drupaceous unlike
the loculicidal capsule of Peganum and Tetradiclis and berry of
Malacocarpus. The androecium of genus Peganum is a controversial
point that needs clarification. The androecium of Zygophyllaceae is
described as obdiplostemonous with eight to ten stamens while Nitraria
and Peganum differs in having more than ten stamens (usually 15)
(Decraene, 1996).
Sheahan and Chase (1996) pointed out that the rbcl sequence of Peganum
and Nitraria are as divergent as those of other families in Sapindales, and
concluded that they should constitute separate families within Sapindales.
The authors advocated putting Peganum and Nitraria in a separate family
Nitrariaceae.
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2.3: Phenology
Phenological studies unravel the pattern of vegetation and reproduction
status of a plant (Manjikola et al., 2005). Different researchers have
endorsed and identified various environmental factors and correlated
them with different phenological events such as initiation of flowering,
synchronization of flowering, length of flowering and variation of
flowering abundance (Beaubien and Johnson, 1994; Domengnez and
Dirzo, 1995; Inouye et al., 2003). Plant phenologies are the result of
interactions among biotic (plant morphological and physiological
adaptations and pollinators), climate (photoperiod, temperature and
rainfall) and phylogenetic factors that through natural selection determine
the most efficient timing for growth and reproduction (Vorn-Schaik et
al., 1993; Wright and Calderson, 1995).
Phenology is merely the temporal dimension of natural history. However,
this temporal dimension is critical, because it determines the stage of
development reached by an organism or population at the time when it
intersects with particular components of its environment. Phenology is
therefore a major structuring element in nearly all areas of ecology and
evolution. Historically, because of its practical importance for plant
cultivation, much phenological research has focused on agricultural
applications such as pest management, agricultural meteorology and
horticulture (Garner and Allard, 1920; Schwartz et al. 1997).
Environmental factors that initiate onset of flowering like photoperiod,
temperature and precipitation may delimit the flowering season in some
environments such as rain in the deserts and snowmelt in alpines
(Ratheke and Lacey, 1985). According to Ratheke (1983) and Bronstein
et al. (1990) flowering phenology is a critical reproductive trait of plants
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because it determines the number of potential mates and can provide a
mechanism for reproductive isolation or speciation overtime. Flowers
also provide food to pollinators and other visitors giving the study of
phenology an ecological perspective. Flowering phenology also gives us
a clue about the competitive ability of a particular plant for pollination as
reported by Agren (1987) and Dominguez and Dirzo (1995). The
difference in flowering phenology recorded during different years is
likely to be influenced by climatic features such as seasonality,
temperature variation, water availability and photoperiod (Inouye et al.,
2003). Pannell and Ojenda (2000) determined that water availability
conditioned the flowering and fruiting frequency of Phillyria angustifolia
L.
Phenological events in desert plants are mainly triggered by rainfall and
suitable temperature. The vegetative growth of Larrea species of
Zygophyllaceae occurs only when favorable conditions are available
(Chew and Chew, 1965; Cunningham et al., 1979), while reproductive
phase commences in response to rainfall (Barboue et al., 1977; Bowers
and Dinmit, 1994). Phenological difference may reflect genetic variation
and subtle micro-geographical conditions and are highly influenced by
year to year climatic variability (Martinez-Carretero, 1992).
Debandi et al. (2002) studied the phenological pattern in Bulnesia retana
(Zygophyllaceae), the vegetative growth was evaluated as the production
of new twigs and leaves. The vegetative developmental intensity was
different among shrubs, ranging from 10% to 30%. Flowering spanned a
short period of 4-5 weeks and its intensity was always below 50%, fruit
growth and seed maturation were more prolonged and the fruit dispersal
event reached a peak 10 weeks after the appearance of the first fruit.
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Tadey et al. (2009) studied the flower phenology of five native plant
species from Monte Desert of Argentina and found that flowering
phenology was restricted to spring and coincided with pollinator
abundance.
Many plants have a chilling requirement, such that subsequent
development is delayed or prevented if they have not experienced cold
winter temperatures (Murray et al., 1989; Morin et al., 2009). This
requirement is referred to as vernalization when applied to flowering
(Henderson et al., 2003).
As far as phenological episodes of the family Zygophyllaceae in general
and the genus Peganum in particular are concerned almost negligible
work has been done so far. Peganum harmala is a suffrutescent
herbaceous perennial in Zygophyllaceae (Decreane et al., 1996) and
produces multiple shoots annually from a woody root crown with a deep
tap root, and ramets often sprout from shallow lateral roots (Michelmore,
1997). The species remain dormant in winter and resumes growth in mid-
March and continues to do so up to June (Abbott et al., 2007).
Studies were conducted on two populations of Peganum harmala
(African rue) in Northern Chichuahuan desert by Abbott et al., 2007, who
described its vegetative and reproductive phenology. The development of
shoot was synchronous between the two populations. Flowering occurred
in mid-April while fruit maturation occurs in June and July. The authors
also reported that in one population senesced plants initiate new shoots in
August and produce a second cohort of flowers. They attributed this to
mid-summer precipitation.
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2.4: Phenotypic plasticity
Phenotypic plasticity is the ability of a genotype to produce different
phenotype in response to distinct environment conditions and is
therefore, fundamental property of a genotype, (Pigliucci, 1997). Some
people are of the belief that phenotype itself is of little importance, while
others are of opinion that it is the phenotype that natural selection “sees”.
By the 1990’s the pendulum started shifting back towards a more
balanced perspective, with an increased appreciation that the phenotype
is molded by an interplay of genetic and environmental effects
(Schlichting, 2002), and that phenotypic plasticity plays an important role
in the overall success of the plant species by allowing it to capitalize on
conditions conducive for reproduction as well as to tolerate the stress.
Understanding the sources of phenotypic variation in organisms is central
to the understanding of natural variation and the responses of organisms
to their environment. Variation within a species of plant or animal is very
common over a geographic range. Variation in size, shape, coloration,
behavior and physiology may be a product of current environmental
differences between sites (phenotypic plasticity), a product of heritable
differences (genotype differences = ecotypes) between the
subpopulations at different sites, or a combination of both. The classical
methodology for determining the causes of variation is to transplants to a
common environment. Transplanting individuals possessing different
traits to a constant environment or performing cross transplants between
natural sites is a means of evaluating the relative importance of
environmental and genetic variation in producing the observed
phenotypic variation. The finding of persistent differences between
subpopulations independent of environmental conditions suggests that
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genetic variation underlies observed phenotypic variation. For example, a
species of Yarrow, Achillea millefolium, grows in a wide variety of
habitats in California ranging from sea level to more than 3000m
elevation. Plants at a given altitude have different height and biomass
compared to plants from other altitudes even when seeds of plants from
different sites are grown under the same conditions at sea level (Clausen,
et al., 1948). This result indicates that the observed phenotypic variation
among the California Achillea is ecotypic, caused by genotypic
differences between populations.
Phenotypic plasticity in plants is considered as an important factor in
adaptation to spatial heterogeneity and temporal environmental changes,
(Sultan, 1987; Hulme, 2008; Zhao et al., 2010). Every plastic response
involves both the degree and the pattern of plasticity, which are under
genetic control and therefore, subject to influence by evolutionary factors
(Via and Lande, 1985; Via et al., 1995).
2.5: Pollen – Ovule ratio
Cruden (1977) proposed that the pollen: ovule ratio (P / O) is a good
estimator of the breeding system of a plant. In his study, Cruden (1977)
determined the P / O in 80 different species, concluding that the greater
the degree of autogamy, the lower the P / O. Cruden (2000) considered
that the P / O indicated the efficiency with which pollination takes place,
i.e. the likelihood of a pollen grain reaching the stigma to result in
maximum seed set. Thus, autogamous plants would have a low P / O ratio
because pollination efficiency in these plants is higher than that in
outcrossing plants. A number of studies have confirmed the validity of
the P / O as an indicator of the plant breeding system (Schoen, 1977;
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Campbell et al., 1986; Plitmann and Levin, 1990; Mione and Anderson,
1992; Jurgens et al., 2002; Michalski and Durka, 2009).
Cruden’s hypothesis of pollination efficiency has been criticized because
it considers only the individual fitness in terms of pollen limitation and
its implications for seed production. For example, Charnov (1982)
suggested that local mate competition in hermaphrodite plants and sex
allocation of resources should also be considered, because both the male
and female sexual functions are equally important for fitness. This model
states that plants with a certain degree of autogamy will experience
strong inbreeding. Although these hypotheses were proposed
independently, they are not mutually exclusive. Thus, either local mate
competition or pollination efficiency, or both, may cause a lower relative
allocation of resources to the male function in inbreeders compared to
closely related outcrossers (Delesalle and Mazer, 2009).
Flowers offering nectar and pollen, or only pollen, as a reward tend to
have higher P / O ratios than those offering only nectar as a reward for
pollination services (Vogel, 1978; Dulberger, 1981). Species offering
only pollen as a reward produce it in great quantities because it is
necessary to compensate for the amount of pollen consumed by
pollinators. In contrast, species with special pollen-transporting structures
(pollinia, viscin threads, polyads) have lower P / O ratio than species
lacking these structures because pollen aggregation enhances pollen
transfer efficiency (Cruden, 1977; Cruden and Jensen, 1979; Schlising et
al., 1980; Mehrhoff, 1983; Koptur, 1984; Harder and Johnson, 2008).
Wind-pollinated species have a much higher P/O than their insect-
pollinated relatives because wind is a less efficient mechanism for pollen
dispersal than insects, such that a high number of pollen grains are lost
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during the process (Ackerman, 2000; Michalski and Durka, 2009;
Friedman and Barrett, 2011). Howell et al. (1993) and Cruden (2000)
suggested that the P /O ratio from animal-pollinated plants depends on
the mechanism of pollen presentation. In plants with primary pollen
presentation, pollen is delivered directly from the anthers to the vector’s
body. On the other hand, in plants with secondary pollen presentation,
pollen grains are delivered first on a floral part (the keel petals in
Papilionoideae) and then on the body of the vector. Therefore, secondary
pollen presentation would imply an accurate delivery of pollen on the
vector’s body, efficient pollination and a low P /O (Howell et al., 1993).
Lawrence (1985) worked out the pollen ovule ratio in several species of
Senecio, The author reported that in self-incompatible species pollen
ovule ratio ranges between 2,252 – 5,066 while in self-compatible taxa it
ranges between 64 – 146 per capitulum. There are evidences that pollen
to ovule ratio is also affected by the sexual system, the pollen vectors,
pollination mechanisms and ecological factors (Small, 1986; Cruden,
2000)
Preston (1986) surveyed the P/O ratio of 66 Crucifer taxa (Cruciferae),
the mean number of pollen grain per flower and P/O ratio were
significantly high in allogamous taxa than in autoganous taxa, whereas
the mean number of ovule per flower was significantly different. It was
found that P/O ratio is much better indicators of the breeding system than
mean number of pollen grain alone.
Jurgens et al. (2002) measured pollen ovule ratio of 79 species of
Caryophylloideae and found that autogamous or cleistogamous species
showed significantly lower pollen to ovule ratio than out-crossing
species. There were some cases where pollen to ovule ratio and breeding
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systems are in conflict i.e. unexpectedly low pollen to ovule ratio were
found for dioecious and therefore obligate out-crossing species like
Silene dioica and Silene lalifolia. This low pollen to ovule ratio may be
due to efficient pollinating mechanisms ensuring that sufficient number
of pollens grains are deposited on the stigma. There is, however, an
alternate explanation for the lower pollen to ovules ratio in S. dioca and
S. lalifolia because of higher flower number of male compared to female
plants has been reported for both species (Meagher, 1992; Gehring and
Linhart, 1993).
Parachnowitsch and Ello, (2004) observed difference in pollen and ovule
production of Clooinsia parvif in different population. They argued that
there were no genetic correlation between pollen number and ovule
number. However, pollen diameter was negativity correlated with total
flower biomass since pollen size is important for post pollination process
(Harder, 1998); plants are expected to optimize their investment in pollen
grains so that individual grains are large enough to achieve fertilization
of viable ovules (Vonhof and Harder, 1995). Further larger pollen grains
may have more resources and greater viability (Kelly et al., 2002)
allowing growth through longer stigmas. Positive correlation between
pistil length and pollen size is common (Aguilar et al., 2002).
Etchevery et al. (2011) worked out pollen ovule ratio in 21 leguminosae
species to draw a relationship between taxonomic position, flower size,
floral reward, pollen presentation and pollination mechanism. The study
revealed that species offering only nectar as floral reward had a
significantly lower pollen ovule ratio than species offering pollen or
pollen and nectar. Species with brush pollination mechanism had the
lowest P/O ratio while the species with valvular and pump mechanism
Chapter – 2 Review of Literature
19
has the highest P / O ratio. However the pollen presentation and flower
size did not have significant effect.
2.6: Breeding behavior
Mating system of a plant provides indirect information on the patterns of
genetic diversity because of its important role in structuring the diversity
(Ritland, 1989; Loveless and Hamrick, 1984; Hamrick and Godt, 1989).
Plant mating systems and pollinator behavior are influenced by a variety
of plant traits including phenology, floral morphology, self-
incompatibility and inflorescence architecture (Wyatt, 1982; Richards,
1986). Mating systems acts as a primary determinant of genetic structure
in a plant population, inbreeding species are expected to have less genetic
diversity and heterozygosity within populations than out- crossing
species (Wright, 1921, 1951; Allard et al., 1968)
According to Darwin (1876) most of the flowering plants are self-
fertilizing hermaphrodites, but still a large number of species display
mechanism that encourage or enforce cross-fertilization. Cross
fertilization is thought to be advantageous since it reduces the inbreeding
depression i.e. production of off-springs of inferior genetic quality.
However, the pollination system analysis has revealed that the alleles
favoring cross-fertilization may incur high evolutionary costs while the
low pollinator or mate availability limits reproductive success (Vallejo-
Marink and Uyenoyam, 2004; Knight et al., 2005).
Lloyd (1982) while studying the sex expression in Cotula prepared a
‘MAS (Measurement Associated with Sex Expression) index to predict
the nature of breeding behavior operative in various species. The author
recognized five main systems viz., Monocliny, Gynomonoecy, Monoecy,
Sub-dioecy and Dioecy, and argued that reproductive traits such as
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flower color, degree of the retraction of stigma and anthers, head
diameter and extent of protoandry / or protogyny have implications on
the nature of breeding system apart from pollen grain number which
increased geometrically from gynomonoecious to dioecious.
Jurgens et al. (2002) observed that in normally out-crossing Silence
species hermaphroditism is often correlated with mechanism of
reproductive assurance. However, if pollinator frequency is low, selfing
often occurs in older protandrous flowers due to movement of anthers
bearing pollen and mature styles and receptive stigmas which come into
contact with each other. In highly selfing species, reproductive
assurances is probably optimized by the breakdown of dichogamy
leading to high selfing rates.
Neel (2002) while analyzing the breeding system of Agalmis acuta
reported that the specie is self-compatible and pollinator is needed for
reproduction. However, the studies revealed that seed set in fruits of self-
pollinated plants is less than that in open-pollinated plants. The author
concluded that geitonogamous and facilitated selfing are possible
throughout anthesis and autonomous selfing is possible late in anthesis
when the petals fall. Delayed self-pollination until after out-crossing
opportunities likely limits selfing rates and thus reduces risk associated
with inbreeding but allows reproduction in absence of pollinators.
Wafai et al. (2005) while investigating the breeding behavior of
Aconitum heterophyllum reported that the species have a specialized
floral architecture, protandrous nature and entomophillous pollination,
which indicate cross-compatible breeding system. The authors argued
that in response to the pollinator scarcity the species can operate
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geitonogamous modes of pollination as revealed by the controlled
crossing experiments.
Shivanna (2009) studied the breeding system of Adhatoda vasica, and
reported that the species is self- incompatible with high level of
geitonogamy. None of the self- pollinated flowers set fruits, but over
50% of cross- pollinated flowers set fruits, indicating that the species is
strictly out breeder in nature.
Pandey and Kumari (2008) studied the pollination ecology of Safflower
(Carthamus tinctorius L.) and reported that it shows self or cross
pollination depending on anther dehiscence. If anther dehiscence occurs
before the style elongates, the stigma pushes though the mass of pollen,
become coated with pollen and get self-fertilized. If anther dehiscence
occurs after style elongates, the cross pollination becomes inevitable. The
authors report that seed set percentage is highest when stigma is
pollinated 24h after anthesis.
Hong et al. (2008) while assessing the secondary pollen presentation and
style morphology in the invasive weed Mikania micrantha reported that
the species is protandrous and with a secondary pollen presentation
system suggesting its out breeding nature. The pollen is shed from the
anthers onto the sweeping hairs of the style in the bud stage when the
stigmatic surfaces are not receptive and the pollen grains become
available for pollination when the style grows out of the anther tube.
Further, with the anthesis, the viability of pollen decreases gradually
which results in a temporal separation between pollen presentation and
pollen viability and diminishes the chance of self-pollination.
Debandi et al. (2002) while studying breeding system of Bulnesia retama
(Zygophyllaceae) observed that when the flowers were bagged without
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manipulation (autogamy treatment), they yield the lowest number of
fruits and seeds. On the other hand, the hand-pollination with pollen of
the same plant (geitonogamy treatment) showed as small increment over
the autogamy, but no significant increase was observed in seed
production. The manually cross-pollinated flowers showed a remarkable
increase in fertilization and seed set. Flowers exposed to natural
pollination produced fruits and seeds at intermediate levels between the
self and cross pollination treatment. This low fruit and seed set in
naturally pollinated flowers is a consequence of depressed fauna of
flowers visitors.
Tadey et al. (2009) studied mating systems and pollinator networks in
five plant species of the Monte Desert and found that mating system
ranged from anemophilous pollen dispersion in dioecious Artiplex
lampato, to a gradient of dependence on pollinators, from the less
dependent (facultative self-compatible) Gutierrezia solbrigii and two
Larrea spp. (L. divaricata and L. cuneifolia) to the most dependent
Grindelia chiloensis (self-incompatible).The author also found that
solitary bees were the main pollinators, but beetles, flies and butterflies
were also important. Lepidopterans frequently visited Larrea divaricata
(Zygophyllaceae), while as Hymenopterans visited both spices of Larrea
(L. divaricata and L. Cuncifolia).
2.7: Pollination systems
Pollination is one of the most important ecological processes on earth,
ensuring the reproduction in angiosperms. Most flowering plant species
worldwide are pollinated more by animals than by abiotic processes such
as wind or water (Buchmann and Nabhan, 1997; Waser, 2006).
Pollination by animals is largely considered a mutualistic relationship,
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where the animal is benefitted with flower nectar and pollen and in turn
providing the plant with reproductive success through both male and
female functions, ( pollen transfer and seed production) (Faegri and Van
der Pijl, 1979).
The study of plant–animal interactions has grown tremendously during
recent decades, partly because of development of new methods
(Thompson, 2002). For example, molecular genetic tools and new
analytical techniques are increasingly being used by plant ecologists and
pollination biologists in order to answer questions concerning the causes
and consequences of variations on reproductive success (Pandall, 2009).
However, many areas of pollination biology and plant reproductive
biology are still poorly studied. In most angiosperms, male gametes are
dispersed by animal pollinators harvesting floral rewards. The foraging
patterns of pollinators often influence plant reproductive success, plant
mating system and spatial organization of genetic variation (Barrett,
2003; Mitchell et al., 2004; Bell et al., 2005).
Cibula and Zimerman (1984) conducted experiments to study the
bumblebee visitation responses to varying interplant distances in
Delphinium nelsonii population and observed that the increase in the
interplant distance increased the probability of visitation. In Delphinium
ajacis, one of the Hymenopteran species namely Apis sp., is only a nectar
thief and has no role in pollination. Such “nectar thieves” have been
reported on several other members of Ranunculaceae (Siddique, 1991;
Utelli and Roy, 2000).
Tak (1994) worked out the pollination system of three taxa viz., Clematis
gouriana, Eranthis hyemalis and Delphinium ajacis and reported that all
the taxa are insect pollinated, wherein Hymenopterans, Dipterans and
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Lepidopterons mainly visit the flowers and accomplish the pollination.
These flowers provide two energy rewards to the visitors; the pollen and
the nectar. Unevenness of pollinator visitations throughout the flowering
period and subsequently insufficient quantity of pollen have been
considered as reasons for variation in reproductive success (Brunet and
Charlesworth, 1995).
Nicotiana gluaca plants have varying properties of crumpled flowers;
distinct morphs produce nectar and are regularly visited by
hummingbirds (Schullar, 2002). On the basis of the studies on breeding
system, Hernandez (1981) concluded that these flowers may significantly
contribute to the self-pollination, because of their higher fruit set (54%)
while as in uncrumpled flowers, there was no fruit set in the absence of
pollinators. Schuellar (2002) studied N. glauca for three consecutive
seasons and reported that flowers were visited only on seven occasions
by 3 bumble bees, 3 Dipterans and one helicid bee.
The floral architecture and the nature of the breeding system and
pollinators in Polygala lewtonii were observed by (Weekley and Brother
2006). They reported that open pollination was common in
chasmogamous flowers and obligate selfing in cleistogamous flowers.
Further Weekley and Brother (2006 ) also reported that bright pink to
purple chasmogamous flowers borne in terminal racemes are visited by a
variety of insects while as white cleistogamous flowers are not in need of
pollinator service. They also observed a decline in chasmogamous
flowers with the decline in pollinators.
Jurgens et al. (2002) studied diurnal versus nocturnal pollination in
Caryophyllidea and observed no significant difference in pollen grain
number and P/O ratio between diurnal and nocturnal species. Both
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diurnal and nocturnal flower visitors may be considered as equally
efficient in transferring pollen. Main flower visitors of day flowering
Caryophylliodeae are day active Lepidoptera, Hymenoptera and Diptera.
Nocturnal species are mainly visited by Noctuidae sphingidae and
Geometridae. Diptera and Hymenoptera feed on pollen or collect pollen
as larval food, whereas Lepidoptera only use as food resources. The use
of pollen as a food resource may have an influence on pollen production
of a plant species. This might explain the higher number of pollen grains
in the pollinated species as an adaptation to the use of pollen as food
resources by bees.
Debandi et al. (2002) while studying breeding system of Bulnesia retama
(Zygophyllaceae) reported that flowers exposed to natural pollination
produced fruits and seeds at intermediate levels between the self and
cross pollination treatments. This low fruit and seed set output in
naturally pollinated flowers is a consequence of depressed fauna of
flower visitors.
Elle and Carney (2003) while studying the insect visiting Collinsia
parviflora at different population sites, reported three species each of
Bombus and Osmia and several species of Hover flies. The pollinator
community varied among the population; two populations with small
sized flowers registering lesser visitation and one population with large
floral display witnessing frequent visitations.
Grombone-Guarantini et al. (2004) analyzed the insect visitation of three
Bidens species and reported that floral visitors differed between the study
sites. In addition, the relative abundance of visitors in the insect group
differed among populations. The dominant pollinators were
Hymenopterans i.e. solitary bees, whose members are considered
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efficient pollinators since they have a tendency to collect pollen and
nectar simultaneously. Butterflies were observed to visit these flowers
but no pollen was found on their bodies. The authors suggest that if there
is any role for these insects in the pollination of Bidens species, it is
probably of minor importance. Three Dipteran species of the family
Syrphidae and Sarcophyagidae were also identified as pollinator.
Wafai et al. (2005) while studying the reproductive biology of Aconitum
heterophyllum reported its insect pollination facilitated by bumble bee
(Bombus sp.) being the major pollinator. The studies reveal that the
pollinators align on the floral opening, turn upside down and penetrate
the proboscis into the nectarines to sip the nectar for short duration.
Fagua et al. (2007) studied the pollination ecology of Espeletia
grandiflora (Asteraceac) and found that the species is predominantly
allogamous and strongly self- incompatible. Bumblebee (Bombus
subicundus and B. Funebris) were the major pollinators of E.
grandiflora, although moths, humming birds, flies and beetles also
visited flowers.
Shivanna (2009) studied pollination biology of Adhatoda vasica and
found that two species of carpenter bees, Xylocopa verticalis and
Xylocopa sp. are the effective pollinators. Pollen grains are deposited on
the dorsal surface of the thorax during Xylocopa visit to the flowers in the
male phase and the stigma rubs the pollen coated thorax and is pollinated
when the bees visit the flowers in bisexual and female phases. There is a
high level of geitonogamy. The species is self-incompatible and none of
the self-pollinated flowers set fruits. The results indicate that protandry
does not prevent self-pollination but reduces interferences in export and
import of pollen.
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Movafeghi et al. (2008) while working on floral nectar composition of
Peganum harmala observed that concentration of the insect favored
amino acid prolin was markedly high. This finding confers a better
understanding upon out-crossing processes and favors the plant pollinator
relationship. The study also reveals that short tongued honeybee (Apis
mellifera) is the main pollinator of the species.
Arceo - Gomez et al. (2011) showed that mirror-image flowers (another
form of reciprocal style polymorphism) of Chamaecrista
chamaecristoides (Fabaceae) are highly dependent on buzz pollinators.
Vibration at the correct frequency is necessary not only for pollen release
but also for pollen capture and deposition inside on the stigma.
Furthermore, precise positioning of pollinators inside the flower
guarantees successful pollination. Plants often attract organisms that may
potentially compromise reproductive fitness, such as nectar robbers.
2.8: Resource allocation
Growth and reproduction are two of the most fundamental processes for
plants. Reproduction is the currency of natural selection, but plants must
grow to build the machinery to reproduce. After a plant produces
biomass, it allocates this biomass to different functions and structures,
including reproductive structures (Bazzaz and Reekie, 1985). Because
resources allocated to one function or organ is not available for other
functions or organs, thus allocation implies tradeoffs. Also, allocation
patterns reflect evolved strategies that are the results of different selection
pressures and constraints (Bonser and Aarssen, 2003). From an
evolutionary ecology perspective, biomass distribution and the proportion
of plant allocated resource to reproductive structures is important
embodiment of plant fitness (Reekie and Bazzaz, 1987; Weiner, 1988;
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Vega et al., 2000). So, knowledge of the resource allocation pattern of
plants is beneficial to understanding their life history strategy, and
helpful for informing the process of vegetation restoration.
Every organism allocates its resources to various essential activities;
which can be categorized as maintenance, growth and reproduction.
Maintenance includes survival activities such as regulation or water
movement, avoidance of predation and disease, baseline (non-growth)
metabolism and resistance to competitors. Growth obviously refers to an
increase in biomass. Some organisms grow either as juveniles, while
others achieve better growth during virtually every period of their lives.
Reproduction includes acquisition of the mates, production of gametes
and parental care (Willson, 1983).
Production of the total resource budget of an organism that is devoted to
reproduction is called the reproductive effort (RE). Natural selection
should favor the allocational patterns that maximize the fitness of an
individual thus one should expect to find variations in patterns of
allocation among different kinds, ages or sexes of an organism and in
organisms of the same kind in different habitats (Willson, 1983).
The annuals have often been seen to respond to nutrient stress by
reallocating minerals from leaves towards inflorescences, while as the
perennials commonly sacrifice both reproductive and growth potential in
such conditions (Chapin, 1980). Variation in allocation pattern may be
both genetic and phenotypic (Meagher and Antonovies, 1982).
Patterns of resource allocation expected under different environmental
conditions were predicted by Gadgil and Solbrig (1972) and predicted
that the average proportion of plant resources allocated to reproduction
would be lower in population experiencing high density-dependent
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selection than in those experiencing density independent selections.
Resource allocation to vegetative and reproductive organs has for long
been known as an important determinant of reproductive success (Elle,
1999). The relationship of resource allocation to reproductive success and
variation among individuals in their relative allocation can lead to large
difference in survival and reproductive success (Primack and Hall, 1990;
Elle, 1999). The difference among individuals in sex-allocation i.e.
allocation of resources to male verses female function and subsequent
difference in fitness are believed to be integral part of the evolution of
different breeding systems as reported by Charnov (1982) and Anderson
and Symon (1989).
Evolution of life history is presumed to be dictated in part by limitations
in the partitioning of finite resources among different functions, which in
turn may be at the expense of future survivorship, vegetative growth and
reproduction. The effects of the reproductive cost have been
demonstrated in Iteroparons species by Reekie and Bazzaz, (1992) and
Obeso, (1993) and found that the costs also vary with variation in plant
traits.
Pickering et al. (2003), while studying the sex specific differences in
Acetosella vulgaris observed that the male and female plants in the alpine
zones were similar in size and allocated similar amount of biomass to
vegetative structure and no significant differences were observed in the
total above ground dry weight of resources allocated to vegetative
structure. However, sexes differed significantly in the biomass allocated
to reproduction, with the males allocating maximum biomass to
reproduction than females.
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Parachnowitsch and Elle (2004) investigated the variation in sex
allocation and male-female trade- offs in six populations of Collinsia
parviflora and argued that large flowered populations of the species had
greater allocation not only to secondary male function (corolla mass) but
also to primary male function (androecium mass). Their study revealed
that differences in male allocations were not due to allometric scaling and
the absolute allocation to female function (gynoecium and calyx) did not
vary among populations. Further, the total male allocation (androecium
and corolla) differed significantly among populations. Large flowered
populations also allocated more pollen per ovule than smaller flowered
populations.
Weiner et al. (2009) while analysing the reproductive allocation in
Senecio vulgaris in relation to water levels, nutrients and competition
reported that the plant size was the major determinant of reproduction
output. Low water level, low nutrient level and competition reduced plant
size and thus reproductive allocation. Fertility level had a highly
significant effect on total biomass. The difference between biomass at
low and medium fertility level was quite small and plants grown at the
highest fertility level were much larger with a concomitant increase in
reproductive allocation. The authors conclude that the size of a plant
determines in large part its potential reproductive output.
2.9: Cytology
The cytological data are of great interest in studying the plant evolution
and diversification (Stebbins, 1971). Studies on cytogenetic, chromosome
structure, behavior and manipulation in plants are well documented
(Sarbhoy, 1997; Obute, 2001).The usefulness of information from such
studies in the understanding of phylogenetic relationships, genetic
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mapping and breeding programme are very significant (Hartwell et al.,
2002; Kurata et al., 2002).
Persual of literature reveals that the family Zygophyllaceae is not
explored fully cytologically. Most of the work done so far has remained
confined only to the chromosome number which reveal that the family is
polybasic having ,x = 9, 10, 11, 12, 13, 26 and 39. Hunziker et al. (1972)
reported three district cytological populations of Larrea (a member of
Zygophyllaceae) in Sonaran (n = 13, diploid), Chihuahuan (n = 26,
tetraploid), and Mojave (n = 39 hexaploid) desert.
Hunziker et al. (2002) studied inter-specific hybrids of Larrea and
obtained two different hybrids which are triploid in nature; one triploid
was obtained between L. ameghinio (2n = 2x = 26) and L. cumerfolio (2n
= 4x = 52), another one was obtained between L. divericata (2n = 26)
and L. cumeifolia (2n = 4x = 52). The result showed that triploid
intersectional L. aneghinio  L. cunefolia hybrid have an average of 9.8
bivalents and 19.4 univalent are quite different than those of the
intrasectional triploid hybrid L. cuneifolia  L. divarticata in which 13
bivalents and 13 univalent were found in nearly 50% of the cells, with a
mean of 12.35 bivalents & 14.03 univalents.
The survey of literature revealed that of the four species of the genus
Peganum only two species namely P. harmala and P. maxicanum has
been investigated cytologically. Fedorov (1969) listed chromosome
numbers for the P. harmala and the Index to Plant Chromosome Number
(IPCN) published chromosome number of P. harmala and P. maxicanum
(Table 3).
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Table 3: List of chromosome count in Peganum harmala (compiled
from Fedorov, 1969 and IPCN, 1979)
Taxon Chromosome no. Reference
P. harmala 22 Negodi, 1937; Ma et al., 1984
24
Warburg, 1938; Lorenzo-Andreu, 1951;
Baquar et al., 1965; Hilu, 1979;
Magulaev, 1979; Ma et al., 1990;
DíazLifante, 1991; Ruiz, 1991
2.10: Seed biology
Seed germination is the most common method of multiplication in
flowering plants and is well programmed process controlled by both
internal and external factors. It has been defined as group of processes
which cause a sudden transformation of dry seeds into young seedlings.
Seeds, the outcome of the sexual ceremony and the reservoir of the
genetic diversity are the means of perpetuation or continuation of
generations for every sexually reproducing plant species. Seed coat
morphology and surface sculpturing are generally useful traits for species
identification (Shelter and Morin, 1986; Seavey et al., 1977).
Leishman and Westoby (1994) observed the role of seed size in seedling
establishment in dry soil conditions by comparing the seedling
emergence and seedling survival of 29 species. The authors observed that
when water is given freely to the seeds, the survival from emergence was
positively co-related with watering level and seed weight in comparison
to conditions when the seed of the same species were grown in glass pots
with no follow up water wherein the survival time decreased to a large
extent and was positively correlated with seed weight. After a series of
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experimentation, the authors concluded that large seed size, associated
with slow relative growth rate and increased drought tolerance, may
enable a seedling to survive for longer periods of time at low soil
moisture levels.
The potential storage life of seeds destined for long term ex-situ
conservation in seed banks is strongly influenced by collection and post-
harvest practices (Smith, 1984). In particular, the timing of harvest may
be critical if longevity is to be maximized. The ability to survive drying
due to low moisture contents is acquired during seed development
wherein harvesting too early may result in an accession with low initial
viability (Roberts, 1973) due to poor survival of the post-harvest drying
treatment and hence low storage potential.
In arid/semi-arid zones, seedlings are vulnerable to desiccation or other
mortality factors, especially during long periods of drought and high
temperatures (Clauss and Venable, 2000). Thus, timing of germination to
a period of the year when conditions are favorable for establishment of
seedlings is an important part of the adaptation of species to such
habitats. Gutterman (2002) suggested that ‘opportunistic’ seed
germination is an important strategy for many desert species to ensure
occasional successful establishment of seedlings under small and
unpredictable amounts of rainfall.
Mesophytic and xerophytic plant species occur in the arid/semi-arid zone
of northwest China and they have different water requirements for
seedling establishment and survival (Sun et al., 2002). Mesophytes
cannot tolerate severe drought, thus they survive in habitats with
moderate levels of soil moisture throughout the year. On the other hand,
xerophytes can survive in habitats with low annual rainfall (≤ 150mm),
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low soil water content (≤ 4%), low organic water content (≤ 4%), low
organic content (0.1-0.3%) and high soil surface temperature (60-70ºC)
in summer (Zhao et al., 2004).
Hussain et al. (2003) studied the germination rate of seeds of Peganum
harmala in different concentrations of Na+, K+ and Ca++ at room
temperature (22oC± 2oC). The study of salt polluted seeds in presence or
absence of fungus (Rhizopus) shows that the germination rate and
biomass increases with increasing concentration levels of Na+ and Ca+ up
to 30 µgml-1 and K+ up to 400 µgml-1. However, the germination rate and
biomass of non-polluted seeds in absence of fungus decreases with
increasing the concentration level of Na+, K+ and Ca++. In contrast, no
single non-polluted seeds germinated in the presence of fungus.
Light is an important environmental factor influences the timing of
germination. Wang et al. (2009) studied the effect of light on 69 arid and
semi-arid species from northwest China. They found that four species of
Zygophyllaceae (Peganum harmala, P. nigellestrum, P. multisectum,
Zyophyllum fabago) were light independent. Peganum harmala species is
capable of reproducing by seed and vegetatively by lateral roots
(Michelmore, 1997) and young seedlings are capable of resuming growth
following extreme water deficits (Abbott and Sterling, 2006).
Liu et al. (2010) worked out seed characteristics such as germination
condition and tolerant ability to salt and drought of Peganum harmala.
The results revealed that seeds of P. harmala are salt resistant. When
NaCl concentration was 0.8% the germination rate was up to 16% but the
germination rate gradually descended along with the increase of NaCl
concentration. Under the water stress conditions, the low concentration of
polyethylene glycol (PEG) less than 5.0% could increase the seed
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germination rate, but under the higher concentration of PEG (above 5%)
the seed germination rate descended. The illumination had the stimulative
action on the seed germination. The soil conditions also influence the
seed germination of the species and germination rate was highest in the
sandy soil (50%) followed by river sand (45%) and clay (40%). The
authors observed that the most suitable temperature for germination of
Peganum harmala seeds was 30oC.
2.11: Phytochemistry and medicinal importance
The chemical analysis of various parts of Peganum harmala is given in
Table 4
Table 4: Chemical profile of Peganum (Chopra et al., 1949 and
Anonymous 1966)
Alkaloids Root Stem Leaves Flowers Seeds %age
Harman alkaloids
(Harmine)
+ + _ _ + 2.5-3%
Harmaline
Dehydroharmine
+ + _ _ + 2.5-3%
Quinzoline derivative
de vasicine (Peganine)
- + - + + 2.5-3%
2,3trimethylene
4 quinazolone
- - - - - 2.5-3%
1,2,3-
hydroxytrimethylene
quinqzolone(Harmalol)
- + - - + 2.5-3%
Harmalidine β
carboline
- - - - + 2.5-3%
Harmaline - - - - + 2.5-3%
+ indicate presence, - indicate absence
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The aerial parts of Peganum harmala yield four new flavonoids acacetin
7-0-rhamnoside, 7-0-[6-0-glucosyl-2-0-(3-acelyl rhamnosyl) glucoside
and the glycoflavone 2-0-rhamnosyl-2-o-glucosylcytisoside. Peganum
harmala contains several alkaloids, which are found especially in the
seed and the roots. These alkaloids include B-carbolines such as harmine,
harmaline (identical with harmidine) harmalol and harman and
quinazoline derivates; vasicine and vasicinone (Mahmoudian et al., 2002;
Kartal et al., 2003; Zayed and Wink, 2005).
Bukhari et al. (2008) reported that in Peganum harmala the harman
alkaloids (harmine and harmaline) are mainly located in the roots and
stem.The authors reported that Harman alkaloids (harmine and
harmaline) were mainly investigated in seed by using different methods
(% yield, Rf values, melting points, UV and IR spectra) for their
identification and isolation.
Herraiz et al. (2010) identified harmaline, harmine, harmalol, harmol and
tetrahydroharmine and quantified as the main b-carboline alkaloids in P.
harmala extracts. Seeds and roots contained the highest levels of
alkaloids with low levels in stems and leaves, and absence in flowers.
Harmine and harmaline accumulated in dry seeds at 4.3% and 5.6%
(w/w), respectively, harmalol at 0.6%, and tetrahydroharmine at 0.1%
(w/w). Roots contained harmine and harmol with 2.0% and 1.4% (w/w),
respectively.
Hussain et al. (1988) reported the allelopathic potential of Peganum
harmala. The authors found that aqueous extract from shoots,
significantly reduced the germination and radical growth of Pennisectu
mamericanum, Brassica compestris, Lactuce sativa and Trifolium
resapinatum.
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Peganum harmala is a medicinal plant with antimicrobial (Arshad et al.,
2008), anti-inflammatory and analgesic properties (Monsef et al., 2004)
and antibacterial activity (Darabpour et al., 2011). Carboline alkaloids
obtained from various parts of the plant are used against number of
diseases (Sobhani et al., 2002). The seeds of Peganum harmala are
known to possess hypothermic and hallucinogenic properties and it is
used as a medical remedy, incense, spice or condiment with abortifacient,
narcotic, aphrodisiac, stimulant, sedative, emmenagogue, and emetic
properties, and employed for the treatment of syphilis, fever, hysteria,
malaria, neuralgia, parkinsonism, rheumatism, colic, asthma and eye
complaints (Abdel Fattah et al., 1995; Astulla et al., 2008; Berrougui et
al., 2006; Elbahri and Chemli,1991; Farouk et al., 2008; Monsef et al.,
2004; Shahverdi et al., 2008).The alkaloid extract of seeds from
Peganum harmala is considered to have anti cancerous activity which
could prove as a novel anticancer therapy (Lamchouri et al.,1999).
Hussain (1966) reported the burning of seed of Peganum harmala after
child birth in northwestern India and West Pakistan. The seeds are placed
on burning charcoal and the fumes are allowed to permeate the rooms for
several days where a baby has been born. The seeds are also burnt where
a marriage ceremony is taking place. The plant is proverbial in traditional
medicine since earliest times as a remedy for a wide range of complaints
(Shi et al., 2000). A red dye obtained from its seeds is widely used in
Turkey and Iran for coloring carpets (Baytop, 1999).
El-Rifaie and Saad (1981) reported uses of Peganum harmala in certain
dermatosis. The extract of Peganum harmala containing the alkaloids
harmaline and harmine was topically used to treat certain (human)
dermatoses of inflammatory nature (impetigo, pityriases alba, cutaneous
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and leishmaniasis). Results were encouraging and proved the
antibacterial, antifungal, antipruritic and probably antiprotozoal effects of
the extract.
Overdose ingestion of Peganum harmala for medicinal use or as a
recreational psychoactive product is toxic and several cases of toxicity
have been already reported. It produces paralysis, euphoria, convulsions,
hallucinations, digestive problems (nausea, vomiting), hypothermia and
bradycardia (Elbahri and Chemli, 1991; Frison et al., 2008; Mahmoudian
et al., 2002).
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he medicinally important plant species namely Peganum harmala
(Zygophyllaceae) constitute the material for present study and the
methodology adopted during the present study are briefly described as
follows:
3.1: Study site
In the present study the plant material was collected from 4 different
sites; three in Kashmir valley and one in Ladakh region of J&K state.
These study sites and their characteristic are given in Table 5
Table 5: Salient features of selected sites for studies of Peganum
harmala in J and K- India
Study site District Location Altitude
(m-asl)
Latitude and
longitude Habitat
Malkhah Srinagar 8km NW
of Srinagar 1595
34o .08′48″N
74o52′51″E
Sandy
slopes
Pattan Baramulla 25km NW
of Srinagar 1590
34o .13′92″N
74o 34′20″E
Sandy
slopes
Bijbehara Anantnag 49km SE
of Srinagar 1610
33o .47′65″N
75o 06′12″E
Sandy
slopes
Skampary*
Leh
Leh 438km E
of Srinagar
3400 34o .04′33″N
77o 38′74″E
Sandy
slopes
*Plant material provided by Miss Razia Parveen from Leh during the study period.
T
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3.2: Species morphology and phenotypic variability
A random sample of 20 plants was selected from various populations and
were analysed for morphological features and phenotypic variability. The
morphological characters studied include - plant height, number of shoots
per plant, number of branches per shoot, leaf number, leaf dimensions
and floral density. Differences among populations in various
morphological features were analysed by one-way ANOVA
3.3: Phenology
The phonological developments starting from sprouting to senescence
were recorded in several selected individual plants tagged randomly in
various populations and were monitored throughout growing season to
record various phenophases. Phenological events viz. vegetative phase,
sexual phase and senescence of aerial shoots were recorded over a period
of two growing seasons (2010 and 2011).
3.4: Reproductive biology
3.4.1: Floral morphology
Qualitative and quantitative characters of flowers which include
number, length, breadth, color, structure and arrangement of sepals,
petals, androecium and gynoecium were studied at full bloom stage.
Structure and arrangement of these various floral parts were studied
following methodology of Kaufman et al. (1989) and Nath (1996).
Randomly selected 20 flowers from each study site were selected to
carry out the flower study in terms of both qualitative and
quantitative traits. Various floral phenological stages were identified
according to the development. Photographs of floral parts were taken
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using stereo zoom microscope and the analysis was carried out using
SPSS 10 statistical software.
3.4.2: Stigma receptivity
Stigma receptivity was checked by fixing stigmas of different ages in
Carnoy’s fixative (3 alcohol: 1 acetic acid) for 3 - 4 hours. The stigmas
were stained with aniline blue- lacto phenol (Hauser and Morrison, 1964)
and scanned under light microscope (10x X 20x combination). The
stigmas carrying germinating pollen grains were considered receptive.
3.4.3: Pollen viability
Pollen viability was estimated by collecting 10-15 fresh floral buds with
dehiscing anthers followed by squashing in 1% acetocarmine and 1%
aniline blue –lactophenol, (Swanson and Sohmer, 1976). The slides were
then observed under light microscope. The darkly stained pollen grains
with regular margins were recorded as fertile, whereas lightly stained and
shrivelled pollens were considered as sterile. Counts of viable and non-
viable pollen grains were made randomly. Percentage pollen
fertility/viability was calculated as follows:
% age pollen viability =
No.of viable pollen grains
Total number of pollen grains observed
×100
3.4.4: In vitro pollen germination
An in vitro pollen germination was carried out following Brewbaker and
Kwack (1963) method. The effect of different nutrients like sucrose
(10gm/100ml), boric acid (10mg/100ml), calcium nitrate (30mg/100ml),
magnesium sulphate (20mg/100ml) and potassium nitrate (10mg/100ml)
was studied. In addition different media were prepared in different
concentrations and combinations, an alteration to Brewbaker and Kwack,
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1963. The pollen grains with pollen tube length more than their diameter
were considered germinated. The percentage pollen germination was
calculated as:
% age pollen germination=
No.of pollen grains germinated
Total number of pollen grains observed
×100
The pollen tube lengths were estimated using ocular and stage
micrometer.
3.4.5: Pollen morphology
Pollen grains for morphological studies were collected from natural
populations and were studied under light microscopy (LM) by mounting
in 2% acetocarmine. Polar diameter, shape in equatorial view, aperture
type and sculpturing were recorded.
3.4.6: Pollen–ovule ratio
Anthers ready to dehiscence were collected for estimating P/O ratios.
Pollen quantity was estimated by squashing one anther (several times) in
10 drops of distilled water in a cavity block and shaken with a glass rod.
The following equation was followed to calculate the number of pollen
per flower:
p  q = r
r  s = t
Where,
p = mean pollen count per drop of water,
q = number of water drops taken initially in which one anther was
squashed.
r = mean number of pollen per anther.
S = mean number of anthers per flower.
t = total count per flower.
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Average ovule number per pistil was counted using dissection
microscope.
Pollen - ovule ratio was calculated following Cruden’s (1977) method as
follows:P O/ = Pollen count per anther × Number of anthers per lowerNumber of ovules per lower
3.4.7: Pollination mechanism
Pollination mechanisms were studied by observing foraging behaviour of
various insects visiting the flower for reward. The insect specimens were
collocated and identified in the Department of Zoology, University of
Kashmir-Srinagar.
The number of flowers visited, time spent on a flowers and the total time
spent per plant by an insect was also recorded.
3.4.8: Pollen mother cell meiosis
For investigation of pollen mother cell meiosis, buds of suitable size were
collected from all the study sites in the morning hours between 7 to 9 am
and were fixed in Carnoy’s fixative (absolute alcohol and glacial acetic
acid with ratio of 3:1 respectively) for a period of 24 hours. After proper
fixation time the plant material was washed with 70% alcohol to remove
all traces of the fixative. Then the fixed material was stored in freshly
prepared 70% absolute alcohol at 4ºC under refrigeration. Then anthers
were squashed in 2% propionocarmine. Propionocarmine was prepared
by taking 45ml of 45% propionic acid and 55 ml of distilled water, 2gm
of carmine powder is added to the solution to prepare 100ml of 2%
propionocarmine.
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3.5: Resource allocation
The resource allocation was estimated by harvesting the plants at peak of
flowering time from different populations and was fragmented into
component parts to determine dry weight (oven dried at 60 oC for 24hrs-
Kawano and Masuda, 1980). Reproductive effort was calculated by
estimating dry weight of the different parts of individual plants i.e. dry
weight or biomass allocated to reproductive and vegetative structures
(Abrahamson and Gadgil, 1973).
R. A. = Dry weight of the in lorescenceTotal dry weight of the above ground tisssues × 100
3.6: Seed biology
3.6.1: Seed set and weight
For estimating the seed set and reproductive success, plants were selected
at random from different population, tagged and scored for number of
flowers per plant, average flower number and number of seeds produced
per flower, following Lubbers and Christensen (1986).
Percentage fruit set was calculated as follows:
% age fruit set per plant = Total number of fruits setTotal number of ovules born × 100
1000 seed weight was determined by taking the average of eight
repetitions of 100 seeds each according the rules of International Seed
testing Association (ISTA) 2002.
3.6.2: Seed viability test
Seed viability was analysed using Tz - Test (Hendry and Grime, 1993).
Twenty seeds of each replicate were placed in water at room temperature
for 24 hours and were longitudinally sectioned. The sections were soaked
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in 1% aqueous solution of triphenyl tetrazolium chloride for 4-6 hours
under dark conditions. Seeds showing strong stained embryo were
considered viable.
3.6.3: In vitro seed germination
For in vitro seed germination studies, the seeds were randomly collected
from natural populations and washed with 0.1% mercuric chloride for 5-7
minutes, followed by 4-5 times washing with distilled water. These were
then subjected to different physical and chemical treatments (Table 6).
All the experiments were conducted in temperature, light and humidity
controlled seed germinator. The treatment solutions were made using
deionized water and analytical grade chemicals. Each treatment consisted
of three replicates of 15 seeds each placed within closed glass petri-
dishes on Whatman No. 1 filter paper moistened with 10 ml of the given
treatment solution or distilled water (control). Seeds planned for dark
treatment were moistened under green light and then quickly wrapped in
aluminium foil to reduce the chances of inadvertent exposure of light.
Emergence of radical was used as the indicator of germination, and total
germination was recorded at culmination of the experiment in respect of
all the treatments.
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Table: 6: Physical and chemical treatments to test seed germination
ability in the Peganum harmala L.
S.No. Treatment Concentration
(mM)
Duration
1 Control ----- -----
2 GA3 1 -----
3 Thiourea 1 -----
4 IAA 1 -----
5 Kinetin 1 20-30 seconds
6 Dip in H2SO4 ----- -----
7 Dip in HCl ----- -----
8 Scarification (mechanical) ----- -----
9 Dry Stratification ----- 20, 40, 60, 80, 100 days
10 Wet Stratification ----- 20, 40, 60, 80, 100 days
3.7: Germination of asexual propagules (roots)
Asexual propagules (roots) were used for in vitro germination studies.
The roots were germinated at different moisture levels and soil types
(Table 7). Each treatment, with three replicates, included two roots of
equal length was placed in trays with 1.5 kg of soil or sand only or
mixture of both. Different moisture levels were ensured by adding desired
quantity of water. These trays were kept inside automatic temperature and
light controlled growth chambers at 25±2oC for 30 days. Total
germination was recorded at the culmination of the experiment in respect
of all the treatments.
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Table 7: Different moisture levels and soil types used to test root
germination
S. No. Moisture level Soil type
1 At field capacity Soil only
2 ½ of field capacity Soil only
3 ¼ of field capacity Soil only
4 Double the field capacity Soil only
5 At field capacity 1: 1
6 At field capacity 1:2
7 At field capacity 2:1
8 At field capacity Soil only
9 At field capacity Sand only
3.8: Scanning Electron Microscopy (SEM) studies
Double sided conductive tap was fixed to the stub and the pollen grains
from mature undehisced anthers were dusted over it. The dusted material
sputter coated with gold was observed under SEM (S-3000 H)
Likewise, mature and dry seeds were loaded on the stub and sputter
coated with gold and observed under SEM.
3.9: HPLC separation and TLC analysis
HPLC analysis and Thin-layer chromatography were done in the
Laboratory of Prof. Chang-hong Wang (Shanghai University of
Traditional Chinese Medicine) in order to make comparison of taxa
growing at Ladakh and Kashmir region of Jammu and Kashmir State.
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4.1: Distribution
Peganum harmala grows widely in most parts of the world including
North and South America, Mexico, Africa, Middle East, India and China
(Fig.1).
1 = South America, 2 = Spain, 3 = Africa, 4 = Turkey,
9 = Afghanistan, 10 = Pakistan, 11 = India, 12 = China, 13 = North America.
Fig. 1: World distribution of
In India the species grows in various states (Fig.
Kashmir State, the species mostly grows on sandy and sloppy caravas and
in graveyards. Extensive field survey revealed that
in few areas of Kashmir Himalaya, which incl
Anantanag, Shopian and
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5 = Israel, 6 = Arabia, 7 = Iraq, 8 = Iran,
Peganum harmala
2). In Jammu and
the species grows only
ude Srinagar, Baramulla,
Ladakh (Plate 1).
5
9
Results
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A = J&K; B = Punjab; C = Haryana; D = U.P; E = Rajasthan; F = Gujarat;
G = Maharashtra;H = Karnataka
1= Pattan; 2 = Malkhah
Fig. 2: Distribution of
Himalaya
4.2: Taxonomy
The genus Peganum
blade divided into irregular
terminal; sepals 5, divided into irregular linear lobe
stamens 15, filaments broader near base; style apically triangulate;
capsule 3-locular; seeds numerous. The distinguishing features o
different species of the genus
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; 3 = Shopian; 4 = Bijbehara; 5 = Drass; 6 = Kargil; 7 = Leh
Peganum harmala in India and Kashmir
includes perennial herbs, having simple leaves; leaf
linear lobes; flowers solitary,
s, persistent; petals 5;
Peganum are presented in Table 8.
Results
axillary or
f
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Table 8: Distinguishing features of various species in the genus
Peganum
P. harmala P. nigellastrum P. multisectum
Plants erect or
spreading, glabrous;
leaf blade divided
into 3 - 5 lobes, each
lobe 1.5 - 3 mm
wide; sepals 5; petals
5, yellowish white,
obovate-oblong, 15 -
20 × 6-9 mm2.
Plants hispid, erect or
spreading, 10 - 25 cm
tall, leaf blade divided
into 2 – 3 lobes, sepals
5, petals pale yellow,
oblanceolate, 1.2 - 1.5
cm2.
Plants prostrate,
pubescent when young;
leaf blade divided into
more than 5 lobes, each
lobes 1 - 1.5 mm wide;
sepals 3 - 5; petals
bright yellow, obovate-
oblong, 10 - 15 × 5 -
6mm2.
4.3: Peganum harmala L
Peganum harmala L. is a perennial herb, 30 - 70 cm tall, erect to
spreading, much branched from base, glabrous; roots 2 cm in diameter;
leaves alternate, decompound, sessile to sub sessile; stipulate, multi-fid;
leaf blade ovate, divided into 3-5 linear to lanceolate-linear lobes, each
lobe 1 - 3.5 × 1.5 - 3 mm2; flowers opposite to leaves; sepals 5, divided
into linear lobes, 1.5 - 2 cm2 , sometimes only divided at apex; petals 5,
yellowish white, obovate-oblong, 15 - 20 × 6-9 mm2 ; stamens 15;
filament base enlarged; ovary 3-locular; capsule globular; seeds dark
brown, slightly curved, 3-angulate, surface muriculate.
In the present study the plant material was collected from three sites in
Kashmir viz. Malkhah (Srinagar), Pattan (Baramulla), Bijbehara
(Anantnag) and one site namely Skampary in Ladakh Division of J&K
State (Table 5). Based on the morphological features of Peganum
harmala collected from these different sites, two Morphotypes were
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observed; designated as Morphotype K and Morphotype L.
Morphotype K grows in Kashmir region, while Morphotype L grows in
Ladakh region of J&K state (Plate 2).
Specimen examined:
Simbal Tibba (3150m asl) 25-04-1969, B. M. Sharma 49163; Leh and
Kalsi (3150m asl) 11-07-1976, Billiet and Leonard 15007; Srinagar
(1558m asl) 24-03-77, R. H. Munir 5660; Hariparbat (5500m asl) 23-03-
77, A. K. Kaslea 5625; Leh (3150m asl) 1980, A. R. Naqshi and G.N.
Dar 9736; Sonmarg (2600m asl) 16-07-1984, Sumaira 22620; Lamayura
(3580m asl) 26-07-2000, Nasreen Aman 22403; Leh (3150m asl) 02-09-
2003, Z. S. Khan 24644; Dawer (2800m asl) 12-6-2008, Anzar and
Akhtar 31093.
4.4: Morphological characters
The morphological traits that were analysed in the present study included
length of shoots, number of shoots, number of leaves per plant, leaf
dimensions, number of flowers per plant and floral dimensions. In
Morphotype K the shoot length ranged from 45.53 ± 0.74 to 47.23 ± 1.08
cm. The number of shoots per plant ranged from 62.33 ± 16.88 to 63.16 ±
12.28. The number of branches per shoot ranged from 4.00 ± 0.40 to 4.30
± 0.40, while as the number of leaves per plant ranged between 977 ±
93.34 to 984.86 ± 88.54. Among floral dimensions the number of flowers
per plant ranged from 572.33 ± 110.85 to 578.66 ± 102.93, length of
flowers ranges between 1.22 ± 0.03 to1.28 ± 0.03 cm where as flower
breadth ranged from 1.26 ± 0.036 cm to1.32 ± 0.07 cm. It was observed
that morphological characters of Morphotype K do not vary significantly
across different populations (Table 9).
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On the other hand in case of Morphotype L, the shoot length, number of
shoots, number of leaves and flowers per plant turned out to be 33.13 ±
1.16cm, 42.16 ± 10.52, 523.13 ± 65.66 and 332.33 ± 111.56 respectively.
The mean length and breadth of leaf were recorded as 3.80 ± 0.16cm and
4.99 ± 0.31 respectively. Similarly the mean length and breadth of flower
were observed to be 1.81 ± 0.03 cm and 3.86 ± 0.07 cm respectively. The
length and breadth of petal was highest in Morphotype L as compared to
Morphotype K. Similarly the length and breadth of sepal (without lobes),
bi-lobed sepals and tri-lobed sepals was highest in Morphoform L. (Table
9)
It is evident from Table 9 and Figs 3 and 4 that the two Morphotypes K
and L differ significantly from each other with respect to almost all
morphological attributes. The Morphotype L in general showed gigas
effect in its leaf, flower, and fruit characteristics as compared to
Morphotype L (Plate 3 and 4).Due to these findings and further evidences
from cytological observations, these two Morphotypes of Peganum
harmala L were distinguished in the present study.
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Table 9: Morphological characters in two different Morphotype of
Peganum harmala
Features
Morphotype K Morphotype L
Srinagar Pattan Bijbehara Leh
Shoot length(cm) 46.53a ± 0.74* 47.23a ±1.08 46.67a ± 1.08 33.13b ± 1.16
No. of shoots per
plant
64.33a ± 18.74 62.33a ± 16.88 63.16a ± 12.28 42.16b ± 10.52
No. of branches
per shoot
4.00a ± 0.40 4.30a ± 0.40 4.16a ± 0.63 3.20b ± 0.29
Leaf number per
plant
977a ±93.34 984.86a ± 88.54 980.33a ± 92.84 523.13b ± 65.66
Leaf length(cm) 5.35a ± 0.13 5.82a ± 0.19 5.86a ± 0.06 3.80b ± 0.16
Leaf breadth(cm) 6.02a ± 0.20 6.48a ± 0.13 6.33a ± 0.10 4.99b ± 0.31
Flower number
per plant
572.33a ± 110.85 578.66a ± 102.93 576.50a ± 91.20 332.33b ± 111.56
Flower length
(cm)
1.26a ± 0.03 1.25a ± 0.02 1.25a ± 0.03 1.81b ± 0.03
Flower breadth
(cm)
1.29a ± 0.06 1.28a ± 0.07 1.29a ±0.036 2.86b ± 0.07
Length of petal
(cm) 1.23
a ± 0.03 1.15
a ± 0.01 1.15a ± 0.02 1.93b ± 0.04
Breadth of petal
(cm) 0.45
a ± 0.02 0.45a ± 0.02 0.45a ± 0.01 0.94b ± 0.02
Length of sepal
(cm)
1.50a ± 0.00 1.50a ± 0.00 1.47a ± 0.01 2.21b ± 0.04
Breadth of sepal
(cm)
0.10a ± 0.00 0.10a ± 0.00 0.10a ± 0.00 0.29b ± 0.01
Length of bi-lobed
sepal (cm)
1.15a ± 0.01 1.15a ± 0.02 1.11a ± 0.02 2.15b ± 0.02
Breadth of bi-
lobed sepal (cm)
0.50a ± 0.01 0.50a ± 0.00 0.50a ± 0.00 0.70b ± 0.00
Length of tri-
lobed sepal (cm)
1.87a ± 0.02 1.86a ± 0.02 1.87a ± 0.03 2.37b ± 0.01
Breadth of tri-
lobed sepal (cm)
0.79a ± 0.02 0.73a ± 0.01 0.73a ± 0.01 1.51b ± 0.9
* Mean ± S.E, Tukey’s test indicates significant differences between Kashmir and
Ladakh populations.
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4.4: Floral morphology
The flower of the species is bisexual, solitary, pedicellate; sepels 5, green
in colour, free and divided into lobes; petals 5, white to pale yellow in
color; stamens 15, outer 5 pair arranged opposite to petals and inner 5
opposite to sepals, stamens are shorter than corolla; anthers are linear-
oblong crescentic dithecal, dehisce by longitudinal slit, basifixed,
dehiscence asyncronous; gynoecium tricarpellary syncarpous; stigma
trifid; nectarines develop around the base of ovary, containing 40 - 50
ovules; ovules are anatropous with axile placentation.
In Morphotype K, the length of anther ranged from 0.47 ± 0.02 cm to
0.49 ± 0.01cm whereas length of filament recorded was 0.35 ± 0.01cm in
all the population. The stigma, style and ovary length ranged from 0.30 ±
0.00 cm, 0.60 ± 0.02 cm and 0.20 ± 0.00 cm respectively (Table 10 and
Fig. 5).
On the other hand, in the Morphotype L the length of anther and filament
was observed to be 0.57± 0.02 cm and 0.53 ± 0.01cm respectively.
Stigma, style and ovary length recorded was 0.50 ± 0.00 cm, 0.64 ±
0.02cm and 0.30 ± 0.01cm respectively(Table 10 and Fig. 5). It has been
observed that floral characters of Morphotype L were comparatively
larger than Morphotype K and showed significant difference with respect
to Morphotype K (Plate 5).
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Table 10: Quantitative floral characters of Peganum harmala in two
Morphotypes
Floral characters Morphotype K Morphotype L
Srinagar Pattan Bijbehara Leh
Length of stigma (cm) 0.30a ± 0.00* 0.30a ± 0.00 0.30 a ± 0.00 0.50b ± 0.00
Length of style (cm) 0.60 a ± 0.00 0.60 a ± 0.00 0.60 a ± 0.00 0.64b ± 0.02
Length of ovary (cm) 0.20 a ± 0.00 0.20 a ± 0.00 0.20 a ± 0.00 0.30b ± 0.01
Length of anther (cm) 0.49 a ± 0.01 0.48 a ± 0.03 0.48a ± 0.02 0.57b ± 0.02
Length of filament (cm) 0.35 a ± 0.01 0.35 a ± 0.00 0.35 a ± 0.01 0.53b ± 0.01
*Mean ± S.E, Tukey’s test indicated significant differences between Kashmir and
Ladakh populations.
Fig. 5: Comparison of quantitative flower characters of Peganum
harmala in two Morphotypes
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4.5: Phenology
The phonological events were monitored from sprouting of young
up to the senescence
events studied include, initiation and duration of sprouting, initiation of
sexual phases, anthesis, fruit development and senescence
4.5.1: Sprouting
The plants remain
several shoot buds throughout the chilling winter months (November to
March). In Morphotype K, with the advent of favorable climatic
conditions in March, the buds on the underground roots resume growth
and start sprouting from 1
March. While in Morphotype L, the buds
November to April and sprouting starts from 1
continues to do so till 3
4.5.2: Vegetative phase
In Morphotype K,
March and continues to do so up to 2
Morphotype L, the plants remain in vegetative phase from 2
April up to 1st week of May.
4.5.3: Floral bud formation
The vegetative phase of the species is simultaneously accompanied by the
sexual phase. The floral bud formation starts from
continues up to 1st
L, the plants enter the sexual phase during 2
to do so up to 3rd week of June. The floral bud formation reaches its peak
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in all the selected populations. The phenological
dormant in the form of underground root bearing
st week of March and lasts up to 3
remain dormant from
st week of April and
rd week of April.
the vegetative growth commences from 2
nd week of April, where as in
1st week of April and
week of June in Morphotype K, while in Morphotype
nd week of May and continue
Results
shoots
(Plate 6).
rd week of
nd week of
nd week of
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in 2nd week of April in Morphotype K and 1st week of May in
Morphotype L.
4.5.4: Anthesis
The species shows asynchrony in anthesis from flower to flower, plant to
plant in a population and across populations. Morphotype K depicts
anthesis during 1st week of May which continues up to 4th week of June.
Morphotype L show first sign of anthesis in 4th week of May and
continued this process up to 3rd week of July.
4.5.5: Fruit formation and maturation
Asynchrony was also observed in case of fruit formation and fruit
maturation. In Morphotype K fruit formation starts from 1st week of June
and matures up to 2nd week of August. In Morphotype, L fruit formation
starts from 3rd week of June and matures up to 3rd week of September.
4.5.6: Senescence of the aerial shoots
High asynchrony was observed in senescence of above ground shoots of
the species during the present investigation. In Morphotype, K
senescence occurs in two phases, the first phase starts from 2nd week of
August and lasts up to 3rd week of September, after which new shoot
development starts from 2nd week October which senesce up to 4thweek of
October. Similarly in Morphotype, L senesces occur in two phases, the
first phase starts in 3rd week of September and lasts up to 2nd week of
October , after which new shoots develops which senescence up to 2nd
week of November. It has been found that two Morphotypes show
variation in phonological events (Table 11 and Fig. 6).
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Table 11: Phenophases in two Morphotypes of
Phenophases
Sprouting
Vegetative phase
Bud formation
Anthesis
Seed formation
and maturation
Senescence
Regrowth
Total life
span(days)
*Number outside the parenthesis is week and inside parenthesis is mont
Fig. 6: Phenogram of two Morphotypes of
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Peganum harmala
Morphotype K
Srinagar Pattan Bijbehara
1(3)* - 3 (3) 1(3) - 3(3) 1(3) - 4(3)
2(3) - 2(4) 2(3) - 2(4) 2(3) - 2(4)
1(4) - 3(6) 1(4) - 3(6) 1(4) - 3(6)
1(5) - 4(6) 1(5) - 4(7) 1(5) - 4(7)
1(6) - 2(8) 4(6) - 2(8) 3(6) - 2(8)
3(8) - 3(9) 4(8) - 4(9) 3(8) - 3(9)
2(10) - 4(10) 2(10) - 4(10) 2(10) - 4(10)
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4.6: Reproductive Biology
To assess the nature of breeding system operative in Peganum harmala,
the following aspects were analyzed.
1. Pollen morphology
2. Pollen-ovule ratio.
3. Stigma receptivity.
4. Pollen mother cell meiosis
5. Pollination system.
6. Seed biology.
4.6.1: Pollen morphology
Pollen grains are spheroid, sub-prolate to prolate and tricolpate (Plate 7).
The pollen diameter of Morphotype K and Morphotype L is 16.77 ± 0.18
µm and 18.75 ± 0.31 µm respectively. The SEM studies of Morphotype K
and Morphotype L showed significant differences (Table 12).
Table 12: Morphological features of pollen of Peganum harmala in
two Morphotypes
Morphotype Pollen diameter
(LM studies)
Pollen features (SEM studies)
Morphotype K 16.77 ± 0.18* µm
1. The colpi are ectocolpus, long
with acute ends.
2. The muri are dense, elevated and
thin enclosing irregular shaped
lamina (Plate 7).
Morphotype L 18.75 ± 0.31 µm
1. The colpi are long with uniform
thickness.
2. The muri are less dense, smooth
and thick enclosing lamina (Plate
7).
*Mean ± S.E
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4.6.2: Pollen viability
Pollen viability is crucial for efficient sexual reproduction. Peganum
harmala L. produces enormous quantity of pollen grains due to large
number of anthers per flower and large number of flowers per plant.
Different populations of Morphotype K revealed the pollen viability ranges
from 89.97% to 90.46%, maximum pollen viability being recorded in
Srinagar population. In Morphotype L pollen viability was calculated to be
88.05% (Table 13 and Fig.7). The overall pollen viability in both
Morphotypes is >85% (Plate 8).
Table 13: Pollen viability of Peganum harmala in two different
Morphotypes
Morphotype Population Total no. ofpollen scanned
No. of viable
pollen grains
Per cent
viability
Morphotype K Srinagar 1213.20 ± 36.21* 1098.80 ± 34.69 90.46
Pattan 1003.60 ± 38.19 903.40 ± 37.87 89.97
Bijbehara 1178.00 ± 44.11 1061.40 ± 45.12 90.02
Morphotype L Leh 2758.80 ± 72.95 2350.00 ± 73.56 88.05
*(Mean±S.E)
Fig.7: Pollen viability in two Morphotypes of Peganum harmala
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4.6.3: In vitro pollen germination
In vitro pollen germination was undertaken in media containing sucrose,
boric acid, calcium nitrate, magnesium sulphate and potassium nitrate in
different combinations (Table 14). The study revealed that overall pollen
germination was noticeably low. The media containing sucrose and boric
acid in (2:1) ratio yielded highest (9.33 %) pollen germination, while media
containing sucrose, boric acid and calcium nitrate in (2:1:1) ratio yielded
lowest (0.29%) pollen germination. It was observed that the time duration
and concentration of media are important features for successful in vitro
pollen germination. No germination was recorded in media containing
calcium nitrate, magnecium sulphate and potassium nitrate. The pollen tube
length ranged from 0.112± 0.21 µm to 0.533 ± 0.03 µm in different media
used during the present investigation (Plate 9). The highest pollen tube
length was observed in S: B (2:1) which was observes after 6 hours’ time
duration (Fig.8).
Table 14: In vitro pollen germination of Peganum harmala
S.No. Media
Time
duration(
Hours)
Total pollen
count
No. of pollen
germinated
Per cent
germination
Pollen tube
length (µm)
1 S 3 105.66 ± 7.86* 0.36 ± 0.04 0.34 0.13 ± 0.03
2 B 3 103.66 ± 3.76 1.66 ± 0.67 1.7 0.33 ± 0.03
3 S:B (1:1) 3 146.00 ± 27.49 3.66 ± 0.67 2.51 0.16 ± 0.02
4 S:B (2:1) 3 210.00 ± 9.67 9.00 ± 6.33 3.32 0.23 ± 0.03
5 S:B (1:2) 3 210.33 ± 6.06 1.00 ± 1.00 0.47 0.13 ± 0.32
6 S:B:C (2:1:1) 3 112.00 ± 8.32 0.66 ± 0.33 0.29 0.12 ± 0.23
7 S 6 154.00 ± 9.36 3.66 ± 0.22 2.30 0.20 ±0.00
8 B 6 195.66 ± 5.21 11.00 ± 1.53 5.62 0.46 ± 0.03
9 S:B (1:1) 6 195.6 ± 2.86 13.00 ± 1.23 6.64 0.30 ± 0.00
10 S:B (2:1) 6 225.00 ± 4.43 21.00 ± 0.57 9.33 0.53 ± 0.03
11 S:B (1:2) 6 141.66 ± 9.49 1.00 ± 0.53 1.8 0.23 ± 0.23
12 S:B:C (2:1:1) 6 111.00 ± 9.54 2.00 ± 0.51 0.7 0.11 ± 0.21
*(Mean ± S.E)
S = Sucrose; B= Boric acid; C= Calcium nitrate
Chapter – 4
S = Sucrose; B= Boric acid; C= Calcium nitrate
Fig. 8: In vitro pollen germination in
4.6.4: Pollen–ovule ratio
Estimates of the total number of pollen grains and ovules produced by the
flower were used to calculate
species produces enormous quantities of pollen grains as compared to
ovules. It was observed that flower of Morph
0.58 to 45.20 ± 0.96 ovules and 129279.00 ± 3321.11 to 130177.50
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Table 15: Pollen-ovule ratio of Peganum harmala in the Morphotype K
and Morphotype L
Morphotype Population No. of pollen
per anther
No. of pollen
per flower
No. of ovules
per flower
P / O
Ratio
Morphotype K
Srinagar 8678.50 ±
312.94*
130177.50 ±
3731.78
45.20 ±
0.96
2880.02 ±
112.98
Pattan 8512.40 ±
243.12
127686.00 ±
3646.34
44.60 ±
0.90
2862.91 ±
90.78
Bijbehara 8618.60 ±
221.41
129279.00 ±
3321.11
44.50 ±
0.58
2905.14 ±
93.25
Morphotype L Leh 7777 ±
143.550
116655.00 ±
2153.25
56.20 ±
0.61
2075.71 ±
40.22
* (Mean ± S.E)
4.6.5: Stigma receptivity
The flowers of Peganum harmala are hermaphrodite, with two whorls of
anthers which surround the style and stigma. The stigma is slightly
exerted. Anther dehiscence took place before anthesis, while the stigma is
not receptive. As the anther dehiscence proceeds, the carpel develop
further and stigmas become receptive one day after anthesis and the
receptivity lasts for 4 days. The number of deposited pollen grains as well
as the percentage of germinated pollen is highest on 3rd day after the
anthesis (Fig. 9 and Plate 10). Hereafter, the receptivity of stigmas
gradually decreases and is completely lost on the 5th day after anthesis
(Table 16). On the day of anthesis the stigma is slightly shining and wet
after which the stigma becomes more shinning with turgid papillae,
increases surface area which reaches to maximum on 3rd day after
anthesis. As stigma receptivity decreases the stigma become curved, dry
and loses its shine. After 5th to 6th day of anthesis the stigmatic surface
dries up which marks the end of receptivity (Fig. 10).
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Table 16: Duration of stigma receptivity in
Days before and
after anthesis
2DBA
1DBA
ODA
1DAA
2DAA
3DAA
4DAA
5DAA
6DAA
DBA= days before anthesis, ODA= on the day of anthesis and DAA = days after anthesis
*(Mean ± S.E)
DBA= days before anthesis, ODA= on the day of anthesis
Fig. 9: Comparison of pollen load at different developmental
stages in Peganum
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Peganum harmal
Pollen load on
stigma
No of pollen grains
germinated
6.66 ± 0.85* 0.00 ± 0.00
10.66 ± 0.88 0.00 ± 0.00
95.66 ± 5.78 0.00 ± 0.00
102.0 ± 7.21 12.33 ± 1.45
108.0 ± 6.65 21.33 ± 2.60
114.6 ± 8.19 25.00 ± 2.88
75.0 ± 5.29 3.33 ± 0.88
36.00 ± 5.29 0.00 ± 0.00
29.00 ± 4.16 0.00 ± 0.00
and DAA = days after anthesis
harmala
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DBA= days before anthesis, ODA= on the day of anthesis and DAA = days after anthesis
Fig.10: Comparison of stigma receptivity at different developmental
stages in Peganum harmala
4.6.6: Pollen mother cell meiosis
The study on pollen mother cell meiosis revealed that meiosis is
asynchronous between PMCs of an anther and anthers of a flower. Due to
very small size of chromosomes in Peganum harmala, the detailed study
of chromosome morphology is difficult. At diakinensis, MI and AI
chromosomes are countable and bivalent morphology is understandable
to a reasonable extent. The study revealed that Morphotype K is diploid
(2n = 2 x = 24) while, Morphotype L is tetraploid (2n = 4 x = 48). Based
on x = 12; two cytotypes of the species have been recorded during
present investigation. The chromosomes regularly pair into 12 and 24
bivalents in Morphotype K and Morphotype L respectively. The bivalents
are mostly rod-shaped and a few are ring-shaped indicating one chiasma
per bivalent in both the cases. The anaphasic segregation proceeds
normally with 12 and 24 chromosome moving to each pole in
Morphotype K and Morphotype L respectively (Plate 11 and 12).
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4.6.7: Pollination system
The species investigated produces numerous flowers on each plant.
However, flowers of same plant or different plants are at various stages
of development viz.; male phase, female phase and fruiting stage and
continue to advance from one phase to the other for three months. The
male phase follows female phase. The flowers bear nectaries at the base
of ovary. The white colored large flowers of Peganum harmala attract
the pollinators of different insects (Hymenoptera and Diptera). The
flowers of same plant or different plants in a population behave
functionally as male or female at particular period of time and are visited
by pollinators to sip the nectar. In doing this the pollinators get heavily
loaded with pollen and ensure transfer of pollen grains from one flower
to another. Honey bees (Apis mellifera) accounted for the highest number
and duration of visits in all the three population of Morphotype K and
thus were considered as main pollinator for the species, while in
Morphotype L, Xylocopa sp. is the main pollinator (Table 17and Plate
13). The pollinators become active during afternoon in both
Morphotypes.
Table 17: Foraging behavior of important pollinators of P. harmala
in Kashmir Himalaya
S.No. Name of insect speciesvisiting P. harmala
Morphotype K Morphotype L
Srinagar Pattan Bijbehara Leh
1 (Apis mellifera)
Hymenoptera)
+ + + _
2 Xylocopa spp.
(Hymenoptera)
_ _ _ +
3 Musca domestica
(Diptera)
+ + + +
(+ = present; - = absent)
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The mean number of flowers visited by honey bee per plant in
Morphotypes K ranges from 4.43 ± 0.36 (Pattan) to 5.33±0.33 (Srinagar).
The mean foraging time spent by honeybee per flower ranges from 37.66
± 2.52 to 40.00 ± 1.88 seconds. The time an individual honey bee spent
foraging per plant varied among different populations and the mean
foraging times per plant ranges from 142.33 ± 5.27 to 147.33 ± 4.05
seconds. The number of bees visiting per plant/minute ranges from 11.66
± 0.88 to 13.00 ± 0.57(Table 18 and Fig. 11).
The plants of Morphotype L were less frequently visited by insects
compared to populations of Morphotype K (Fig.11). The mean number of
flowers visited per plant per minute in Morphotype L by the carpenter
bee is 3.66 ± 0.33 and mean foraging time is 115.00 ± 2.89 seconds. The
number of carpenter bees visiting per plant per minute is 5.00 ± 0.58.
Other insect visitors that were also observed to visit P. harmala include
flies and wasps.
The essential organs i.e. androecium and gynoecium are not separated
spatially enough which will act as barrier for selfing. The receptive
stigmas are slightly exerted but are well within the reach of dehisced
anthers. The species also exhibit moderate to high P/O ratio. The floral
architecture and comparatively moderate P/O ratio point towards
facultative xenogamous nature of the species.
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Table 18: Visitation and foraging time of pollinator
harmala
Visitation and foraging
time
No. of flowers visited
by pollinator per plant
Foraging time by
pollinator per flower
Foraging time by
pollinator per plant (sec.)
No. of pollinators visited
per plant (min.)
Fig. 11: Frequency of insect visitation
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Morphotype K
Srinagar Pattan Bijbehara
5.33 ±
0.33
4.43 ±
0.36
4.57 ±
0.43
(sec.) 40.00 ±1.88
37.66 ±
2.52
39.11 ±
2.10
147.33 ±
4.05
142.33 ±
5.27
144 ±
4.43
13.00 ±
0.57.
11.66 ±
0.88
12.20 ±
0.24
across different populations
harmala
Pattan Bijbehara
Results
in Peganum
Morphotype L
Leh
3.66 ±
0.33
28.22 ±
1.87
115.00 ±
2.89
5.00 ±
0.58
in
Leh
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4.7: Resource allocation
Resource allocation was carried out in Srinagar population of Kashmir
Division and Leh population of Ladakh Division of J & K state. The root of
Peganum harmala is about 6 feet deep in soil, so it was not possible to dig
out the whole root. Therefore, resource allocation was carried out only for
aboveground parts. It was observed during the present study that most of
the resources were allocated towards roots which weights in kilograms.
It was observed that allocation of resources is not uniform among the
different parts of a plant (Table 19). In Morphotype K maximum resources
were allocated to shoots (198.17 ± 4.31 gm.), followed by flowers (132.54
± 3.32 gm.). In flowers the percentage allocation to reproductive parts was
more towards maleness (0.12 ± 0.02 to 0.13 ± 0.01 gm) than femaleness
(0.05 ± 0.02 gm).
In Morphotype L maximum resources were allocated to shoots 236.22 ±
4.89 gm, followed by flowers 165.11 ± 3.70 gm. However, the total
reproductive effort per plant was 0.54 ± 0.03 gm. Further, the percentage
allocation to reproductive parts i.e reproductive effort was more towards
maleness (0.55 ± 0.07 gm) as compared to femaleness (0.09 ± 0.01 gm).
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Table 19: Allocation of resources towards various plant parts in
Peganum harmala in two different Morphotypes
Plant part Morphotype K
(Srinagar)
Morphotype L
(Leh)
Dry wt. of shoot (gm.) 198.17 ± 4.31 236.22 ± 4.89
Dry wt. of flowers per
plant (gm.) 132.54 ± 3.32 165.11 ± 3.70
Dry wt. of individual
flower (gm.) 0.38 ± 0.07 0.55 ± 0.07
Dry wt. of anthers per
flower (gm.) 0.13 ± 0.01 0.25 ± 0.02
Dry wt. of carpel per
flower(gm.) 0.05 ± 0.02 0.09 ± 0.01
(Mean ± S.E)
Fig. 12: Comparative resource allocation between two Morphotypes
of Peganum harmala
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4.8: Seed biology
4.8.1: Seed morphology and weight
Peganum harmala produce numerous seeds in globular capsules. Seeds
are dark brown in color, slightly curved, 3-angulate, surface muriculate,
with rough seed coat. The differences observed in morphological features
of seeds in Morphotype K and Morphotype L is depicted in Table 20. It
has been observed that the seed weight of Morphotypes L per 1000 seeds
is (4g) higher as compare to Morphotypes K (2.66g) per 1000 seeds.
Table 20: Morphological features of seeds of Peganum harmala in
two different Morphotypes
Morphotype Stereo microscopic studies SEM studies
Morphotype K Seeds reddish brown in color,
2mm long more or less triangular,
dorsal surface without keel, while
ventral surface with a single keel,
slightly curved, moving abruptly
towards base; apex obtuse, with
broad base, margins covered with
creamish boarders.
Seed coat surface is
regular, reticulate testa
with pentagonal or
hexagonal shaped cells;
the cells are depressed
with elevated cell
boundaries (Plate 14).
Morphotype L Seeds dark brown, 3mm long,
crescent shaped, posterior surface
without keels, whereas anterior
surface is three keeled, convex in
shape, moving gradually towards
apex, with pointed apex and
narrow base.
Seed coat surface is
reticulate with irregular
shaped cells; the cells
boundaries (murus) are
elevated (Plate 14).
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4.8.2: Seed viability
Peganum harmala shows a good percentage of seed viability across all
the populations. The viability of seeds across three populations of
Morphotype K varies from 89.53 to 90.30 % while as in Morphotype L
the seeds show 86.13% viability (Table 21, Fig.13 and plate 15).
Table 21: Percentage seed viability of Peganum harmala in two
Morphotypes investigated during present study
Morphotype Population Total no. of
seeds
Total no. of
viable seeds
Per cent
Viability
Morphotype K Srinagar 15.00 ± 0.00 13.55± 0.33* 90.33
Pattan 15.00 ± 0.00 13.43 ± 0.57 89.53
Bijbehara 15.00 ± 0.00 13.50 ± 0.57 90.00
Morphotype L Leh 15.00 ± 0.00 12.92 ± 0.33 86.13
*(Mean±S.E)
Fig. 13: Percentage seed viability in Peganum harmala
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4.8.3: Seed set
Due to the presence of large number of ovules per flower and number of
flowers per plant, the species produced good percentage of seeds in all
the studied populations. On an average, the Morphotype K produced
31.2±1.41 (Srinagar), 29.8±.90 (Pattan), 30.70±1.07 (Bijbehara) seeds
per capsule. This seed set amounts to be 69.64%, 69.30% and 69.22%
respectively in the aforementioned populations (Table 22 and Fig. 14). In
Morphotype L the plant produces 42.30 ± 2.28 seeds per capsule. This
seed set amounts to be 66.21%.
Table 22: Seed set in two Morphotype of P. harmala
Morphotype Population
No. of ovules
per carpel
No. of seeds
per capsule
Per cent seed
set
Morphotype K Srinagar 44.80 ± 0.85* 31.2 ± 1.41 69.64
Pattan 43.00 ± 0.61 29.8 ± 0.90 69.30
Bijbehara 44.20 ± 0.70 30.70 ± 1.07 69.22
Morphotype L Leh 63.80 ± 1.35 42.30 ± 2.28 66.21
*(Mean ± S.E)
Fig.14: Comparison of seed set in two Morphotypes
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4.8.4: In vitro seed germination
In order to investigate in vitro seed germination, the seeds were subjected
to several treatments such as application of thiourea, IAA, GA3, kinetin,
concentrated sulphuric acid and hydrochloric acid for different time
durations, scarification, wet- chilling and dry-chilling, under alternating
light and dark and continuous dark conditions. The results are
summarized in Table 23. The data reveal that the seeds of Peganum
harmala germinate easily in distilled water and 80-86 % seed
germination was recorded in it. However, among various treatments,
thiourea was found to have promotory effect on seed germination (90%).
Days taken for first seed to germinate ranges from 1 to 4 days while as,
total days taken for completion of germination ranges from 4 to 9 days in
different media. The rate and overall germination was highest in
Thiourea (Fig. 15 and Plate 16).
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Table 23: Effect of different physical and chemical treatments on seed
germination of Peganum harmala
Treatment Light regime Germination Percent
germination
Control Light 8.66 ± 1.20* 86
Dark 8.00 ± 0.57 80
Thiourea 1mM Light 9.00 ± 1.00 90
Dark 8.00 ± 0.57 80
IAA 1mM Light 4.66 ± 0.33 40
Dark 2.33 ± 0.88 23
GA3 1mM Light 6.00 ± 1.52 60
Dark 3.00 ± 0.57 30
HCl dip Light 6.00 ± 1.52 60
Dark 3.66 ± 0.66 36
HCl 1min Light 7.66 ± 1.45 76
Dark 5.66 ± 2.18 56
H2SO4 dip Light 7.46 ± 0.88 74
Dark 3.33 ± 0.88 33
H2SO4 1 min Light 5.33 ± 0.33 53
Dark 3.03 ± 0.30 30
Scarification Light 8.33 ± 0.88 83
Dark 5.66 ± 0.88 56
Wet chilling
(20 days)
Light 6.70 ± 0.57 67
Dark 3.83 ± 0.33 38
Wet chilling
(40 days)
Light 6.06 ± 0.33 60
Dark 3.40 ± 0.57 34
Wet chilling
(60 days)
Light 5.50 ± 1.00 55
Dark 2.33 ± 0.66 23
Dry chilling
(20 days)
Light 5.30 ± 1.00 53
Dark 4.03 ± 1.33 40
Dry chilling
(40 days)
Light 3.50 ± 0.00 35
Dark 2.50 ± 0.50 30
Dry chilling
(60 days)
Light 3.33 ± 0.88 33
Dark 3.10 ± 0.00 31
*(Mean ± S.E)
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Fig. 15: Effect of Physical and chemical treatments on seed
germination of Peganum harmala
4.9: Vegetative reproduction
Vegetative reproduction in the P. harmala takes place by means of roots.
The species bears a crown of underground roots from which the main tap
root grows up to 6 feet deep. Each crown of roots in turn bears a number of
buds (30-40) which remain dormant during the winter. In the next growing
season these buds develop into leafy shoots. The present experimental
studies revealed that under different moisture content of soil, the
germination of the root cuttings of the species responded differently at
room temperature. It has been observed that at ½ the field capacity the root
shows good % age of germination (83.33%). However, at double the field
capacity the root does not germinate (Table 24 and Fig 16).
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Table 24: Effect of moisture content on root germination
S.No. Moisture level
1 ½ field capacity
2 ¾ field capacity
3 At field capacity
4 ¼ field capacity
5 Double the
*(Mean ± S.E)
Fig.16: Effect of moisture on root germination
In another experiment, under different soil types it has been observed that
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Germination
5.00 ± 0.22*
4.00 ± 0.12
2.00 ± 0.00
1.00 ± 0.00
field capacity 0.00 ± 0.00
of Peganum
61.66
33.12
12.33
¾ F.C F.c ¼ F.C
Results
Percent
germination
83.33
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0
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0
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(1): soil (1) ratio. However the moisture content was maintained at field
capacity and at room
Table 25: Effect of different soil types on root germination
S. No. Soil type
1 Sand: soil (2:1)
2 Sand: soil (1:1)
3 Sand: soil (1:2)
4
5
Fig.17: Effect of soil type
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temperature (Table 25 and Fig 17).
Roots
germinated
3.66 ± 0.33*
3.33 ± 0.33
2.33 ± 0.33
Sand 1.66 ± 0.33
Soil 1.000 ± 0.00
on root germination of Peganum
83.333
58.33
41.66
Sand: soil (1:1) Sand: soil (1:2) Sand
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Percent
Germination
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4.10: HPLC Fingerprints Combined with PCA, HCA and LDA
HPLC is a chromatographic technique used to separate a mixture of
compounds in analytical chemistry and biochemistry with the purpose of
identifying, quantifying and purifying the individual components of the
mixture. While comparing the HPLC chromatogram of samples from
Kashmir with HPLC chromatogram of different species of Peganum (Fig
18), we conclude that the HPLC chromatogram of Peganum harmala
from Kashmir Himalaya coincides with the HPLC chromatogram of P.
harmala from china.
Fig.18: The HPLC fingerprints of P. harmala, P. nigellestrum, P.
multisectum, P. variety and Morphotype K (9991) and
Morphotype L (9994).
4.10.1: Thin-Layer Chromatograph
Thin layer chromatography (TLC) is a chromatographic technique used
for separating organic compounds. Besides running the TLC of different
species of Peganum and two unknown species, pure standards (harmine
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and harmaline) were also run. The results confirmed that both the
standards are present in both the Morphotypes from Kashmir Himalaya
(Fig. 19).
A= Visualized under UV at
254 nm
B= Visualized under UV at
366 nm
C= Visualized by spraying with
both Dragendorff’s and
vanillin-sulphuric acid
reagents.
Fig.19: TLC of HAR: harmine, Morphotype K, Morphotype L, PH:
P. harmala, PN: P. nigellastrum, PM: P. multisectum, PV: P.
variety and HAL: harmaline.
Plate 2: Habit of the plant
A. Morphotype K (Note spreading plants)
B. Morphotype L; C. Root
A
B
A
C
Plate 3: Morphology of various plant parts of P. harmala
A. Shoot of Morphotype K; B. Shoot of Morphotype L
C. Leaf of Morphotype L; D. Leaf of Morphotype K
E. Leaf-lets and the dichotomy of leaf-lets in Morphotype L (Note the
presence of protuberance at the base leaf-let dichotomy);
F. Leaf-lets and their dichotomy in Morphotype K
E F
A B
C D
Plate 4: Floral morphology
A. Flower of Morphotype L; B. Flower of MorphotypeK
C. Sepals of Morphotype L; D. Sepals of Morphotype K
E. Petals of Morphotype L; F. Petals of Morphotype K
A B
C D
E F
Plate 5: Morphology of floral parts
A. Gynoecium of Morphotype L; B. Gynoecium of Morphotype K
C.Androecium of Morphotype L; D. Androecium of Morphotype K
E and F. Ovules and nectary
A B C D
E F
Plate 6: Different phenophases in Peganum harmala
A. Sprouting; B. Vegetative phase;
C. Flowering phase; D. Flowering phase
E. Fruiting phase; F. Senescence
BA B
DC
FE
A
Malkhah
Pattan
Plate 1: Different type of habitats of Peganum harmala across
Kashmir Himalaya
Leh
Bijbehara
Plate 7: Comparison of pollen morphology in Morphotype
K and Morphotype L (LM and SEM studies)
A: Pollen grains of Morphotype K
B: Pollen grains of Morphotype L
A B
Plate 8: Pollen viability in Morphotype L (A) and
Morphotype K (B)
A
B
Plate 9: In-vitro Pollen germination in Peganum harmala
Plate 10: Pollen load and germinating pollen grains
on stigmatic surface
Plate 11: Meiotic behavior and chromosome count
(2x= 2n = 24)
(A, B) – PMCs
(C, D) – MI; note 12 bivalents per PMC.
a
A
C
of Morphotype K
at diakinesis; note 12 bivalents per PMC
b
B
D
Plate 12: Meiotic behavior and chromosome count
(2x= 4n = 48)
(A)– PMCs at diakinesis; note 24
(B, C) – MI; note 24 bivalents per PMC
(D) – AI; 24 chromosome at each pole
A
C
of Morphotype L
bivalents per PMC
B
D
Plate 13: Pollinators of two Morphotypes
A. Apis visiting Morphotype K; B. Musca visiting Morphotype K;
C. Apis; D. Xylocopa visiting Morphotype L.
A B
C D
Plate 14: Comparison of seed morphology in two Morphotypes
of Peganum harmala (Stereo microscope and SEM
studies)
A: Seeds morphology of Morphotype K
B: Seeds morphology of Morphotype L
(A) (B)
Plate 15: Seed viability in Peganum harmala
.Plate 16: In vitro seed germination in P. harmala
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uring the present study two Morphotypes of Peganum harmala
were recorded from Kashmir and Ladakh regions of J&K state.
These Morphotypes upon cytological investigation also turned out to be
two different cytotypes. The diploid cytotype grows in Kashmir valley
(Morphotype K) while the tetraploid one in Ladakh region (Morphotype
L).
5.1: Distribution
Peganum harmala commonly known as African Rue is widely distributed
in North Africa, Mediterranean, the Middle East, Pakistan, India and Iran
and has been introduced in America and Australia (Asghari and
Lockwood, 2002; Ehsanpour and Saadat, 2002; Yousefi et al., 2009). The
present study revealed that in Kashmir Himalaya the species mostly grow
in open sunny slopes with low moisture retaining capacity. Similar
habitat of the species has also been reported by Mahmoodian et al. (2002)
and El-Bakatoushi (2011). African Rue can grow in areas receiving as
little as 100 mm annual precidpitation (Mahmoud et al., 1983; Walter and
Box, 1983) and is considered drought tolerant (Levitt, 1980). The species
grows with an altitudinal gradient of 1590 to 3400 m asl indicating that
the species can tolerate a broad range of environmental conditions.
During the present study it was also observed that the tetraploids cytotype
D
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grows at higher altitude as compare to diploid cytotype. Grant (1981)
suggested that polyploids may be more common at higher latitudes and
altitudes than diploids. The idea that polyploids are more common at
higher latitudes and altitudes than diploids has been largely discredited
based on the analyses of Ehrendorfer (1980), Stebbins (1984, 1985),
Stebbins and Dawe (1987).
5.2: Taxonomy
The herbarium study reveals that the species grows in different parts of
Kashmir Himalaya. Upon investigation of different specimen in
University herberium KASH, the specimens of the species collected by
B.M.Sharma, A.R.Naqshi and G.H. Dar, Nasreen Aman, Z. S. Khan and
Sadaf Nazir from Ladakh, which were identified as Peganum harmala,
but during the present investigation it was observed that the taxa growing
in the Ladakh region are morphologically different from the taxa growing
in Kashmir valley. On the basis of morphological differences and detailed
studies of pollen, seed and PMC meiosis, the species growing in Kashmir
and Ladakh region were designated as Morphotype K and Morphotype L
respectively. To segregate the species growing in two regions into two
species and sub-species needs further detailed molecular investigation.
Generally, there is no consensus on the questions of taxonomic treatments
of taxa including multiple cytotypes in recent literature, but
autopolyploids have traditionally been considered conspecific mostly just
as cytotypes of a single species, without recognition of intraspecific units.
Recently, Soltis et al. (2007) emphasized on the taxonomic significance
of autopolyploidy and argued for accepting it as their significant
mechanism of speciation. The author also argued that even if
morphological variation does not allow reliable cytotype identification,
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they should be considered as distinct species on the basis of geographical
and ecological differences and reproductive isolation (meeting the criteria
of multiple species concepts), because of their evolutionary significance
and for practical reasons (conservation of rare cytotypes). Rowley (2007),
however, contradicted their arguments and argued for a more flexible
approach in taxonomic classification, employing also infraspecific
categories.
5.3: Phenotypic variability
Phenotypic variability is regarded to be an evolutionary phenomenon by
which organism acclimatize to spatial and temporal environmental
changes, (Futumya and Moreno, 1988; Pigliucci, 2001). This variability
may be developmental, environmentally induced or genetic. Among these
only the later are of long term evolutionary significance and provide raw
material for natural selection to operate. Whatever may be the cause of
variability, the information gathered proves to be useful in sampling of
elite forms and superior genotype.
During the present investigation P. harmala was analysed for its
morphology and phenotypic variability in two different geographical
areas of Kashmir Himalaya. The species in response to different
environmental conditions have developed distinct morphological
character viz., plant height, leaf number and dimensions and floral
density etc. These characters vary significantly among the studied
populations (Table 26).
5.3.1: Plant height
Plants growing in two different geographical regions exhibit differences
in their height. The plants growing at Leh were shorter (33.13 ± 1.16cm)
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than those at Srinagar (46.53 ± 0.74cm), Pattan (47.23 ± 1.08cm) and
Bijbehara (46.67 ± 1.08cm). This decrease in plant height along with
altitudinal elevation may prove advantageous for the species as the stem
shortening allows plants to avoid the damaging effects of the strong
winds blowing at high altitudes and to improve photosynthetic conditions
by keeping the leaves closer to the warmer soil surfaces (Korner and
Cochrane, 1983). Plant height in Morphotype L (tetraploid cytotype) was
smaller than those of Morphotype K (diploid). Our results are in
congruence with that of Oliveira et al. (2004), who reported that diploids
were larger than their corresponding autopolyploids in Stevia rebaudiana
thus showing negative relationship for plant size and ploidy level. Jaskani
et al. (2002) also reported that diploid trees were larger than tetraploids in
height and spread in Kinnow mandarin. Phenotypic response to
environmental changes seems to be related to the severe climatic
conditions at higher altitudes which have a negative impact on the overall
growth of a plant (Siddique, 1991; Gurvevitch, 1992).
5.3.2: Leaf number and dimensions
The species exhibits variability in leaf number per plant and leaf
dimensions in two Morphotypes. Plants growing at Leh produce (22.13±
1.66) leaves per plant, while the plants growing at Srinagar produce
(36.60 ± 3.34), Bijbehara (37.33 ± 2.84), Pattan produces (37.8 ± 3.54)
leaves per plant. The leaf dimensions were less in the plants growing at
Leh (tetraploid) as compared to those growing in Kashmir region
(diploid). Our results are in conformity with those of Stebbins (1971) and
Kermani et al. (2003) who reported that the leaves of polyploids are
shorter, thicker and dark green in colour as compared to their diploids.
The Morphotype K do not encompasses the severe environmental
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conditions which has negative impact on overall growth of plants
including leaf size and number. Similar results were also observed by
Siddique (1991) indicating that altitude registers a profuse influence on
overall plant height and vigor. Altitude also has a major effect on leaf
morphology and physiology within a species. Leaves generally decrease
in length, width and area with increasing altitude (Korner et al., 1986),
while leaf thickness increases with increasing altitude (Korner et al.,
1989; Roderick et al., 2000), causing a reduction of specific leaf area.
5.3.3: Floral density
The plants inhabiting Pattan population bore greater number of flowers
per shoot (22.73± 2.50), followed by Bijbehara (21.07±1.16), Srinagar
(20.43± 2.47) and the least number of flowers per shoot were observed in
plants inhabiting Leh population (10.79±1.31). Increase in ploidy level
may result in changes in number of flowers per inflorescence, but the
direction of change is difficult to predict. In Trifolium repens, tetraploids
have about 20% fewer flowers per head. Similarly, Melilotus suaveolens
tetraploids have about 10% less flowers than its diploids (Jaranowski and
Kalasa, 1971). Bijok et al. (1969) also reported a decrease in the number
of flowers in tetraploids of Trifolium hybridum.
The plants growing at low altitudes are distinctly more vigorous, much
taller and bear larger number of leaves and flowers compared to plants
growing at high altitudes as also previously reported by Johnson and
Cook (1968) and Hickman (1975).
5.3.4: Floral morphology
It has been observed that floral characters of Morphotype L are
comparatively larger than Morphotype K. The length and breadth of flower
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in Morphotype L is higher than Morphotype K. Our results draw support
from the studies of Barrett (1989); Brochmann (1993); Segraves et al.
(1999), who reported that the flowers of tetraploids are larger than their
diploids counterparts. Polyploidy does have immediate phenotypic effects,
such as increased cell size and organ size, and sometimes greater vigor and
biomass, and new phenotypic and molecular variation can arise shortly
after polyploid formation. The appearance of these novel phenotypes in
new polyploids probably involves changes in gene expression.
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Table 26: Summary of ANOVA of different phenotypic characters of
P. harmala across different populations
Character Morphotype
Population Mean df F P
Plant height
(cm)
Morphotype K
A 46.53 ± 0.74
3
31.026 0.00B 47.23 ±1.08
C 46.67 ± 1.08
Morphotype L D 33.13 ± 1.16
No. of shoots
Morphotype K
A 64.33 ± 18.74
3 32.185 0.125
B 62.33 ± 16.88
C 63.16 ± 12.28
Morphotype L D 42.16 ± 10.52
No. of leaves
Morphotype K
A 977 ± 93.34
3 665.76 0.00
B 984.86 ± 88.54
C 980.33 ± 92.84
Morphotype L D 523.13 ± 65.66
Leaf length
(cm)
Morphotype K
A 5.35 ± 0.13
3 50.411 0.00B 5.82 ± 0.19
C 5.86 ± 0.06
Morphotype L D 3.80 ± 0.16
Leaf Breadth
(cm)
Morphotype K
A 6.02a ± 0.20
3 18.373 0.00B 6.48a ± 0.13
C 6.33a ± 0.10
Morphotype L D 4.99b ± 0.31
No.of flowers
Morphotype K
A 572.33 ± 110.85
3 589.109 0.00
B 578.66 ± 102.93
C 576.50 ± 91.20
Morphotype L D 332.33 ± 111.56
Flower
length (cm)
Morphotype K
A 1.28 ± 0.03
3
199.147 0.00
B 1.25 ± 0.02
C 1.22 ± 0.03
Morphotype L D 1.81±.03
Flower
breadth
(cm)
Morphotype K
A 1.29 ± 0.06
3 333.444 0.00
B 1.32 ± 0.07
C 1.26 ±0.036
Morphotype L D 3.86 ± 0.07
A-Srinagar, B- Pattan, C- Bijbehara and D-Leh
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5.4: Phenology
Phenology, the seasonal timing of life history events, comprises a set of
traits that may critically affect the reproductive success of a species
(Rathcke and Lacey, 1985). The phenology of a species would constitute
all the events from seed germination upto senescence of the individual.
The phenological studies prove useful in planning out the conservation
strategies as well as formulating measures for cultivating them on a large
scale (Wafai et al., 1996; Beigh et al., 1998). Flowering phenology is
particularly important because it determines the reproductive synchrony
with potential mates (Marquis, 1988) and synchronizes attractiveness of
pollinators (Gross and Werner, 1983). Thus flowering phenology is a
developmental process crucial to determine the plant reproductive
success. The divergence of flowering time among species and populations
can have important evolutionary consequences such as reduction of
interspecific pollination (Mc-Neilly and Antonovics, 1968; Waser, 1978).
During the present study two Morphotypes studied in two geographically
different regions of J&K state differed in their phenology. Sprouting in
Morphotype K starts one month before Morphotype L. Floral bud
formation starts in 1st and 2nd week of April in Morphotype K (diploid)
and continuous to do so for 60 days, while in Morphotype L (tetraploid)
floral bud formation starts from 4th week of April and lasts upto 50- 60
days. To complete the anthesis within all the flowers of a plant it takes
about 50-60 days in both the Morphotypes. Flowering asynchrony within
populations may also act to reduce intraspecific competition for
pollinators and promote outcrossing (Pors and Werner, 1989; Rogstad,
1994). The asynchronous anthesis ensures the long term availability of
pollen to certify effective pollination as earlier reported by Wafai et al.
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(2005). Stebbins (1971) reported that retardation in mitotic cycle in
polyploids brings about later flowering and fruiting compared with their
diploid counterparts, which supports the observation of present study.
Stebbins (1950) suggested that late initiation and prolonged flowering in
tetraploids can be attributed to slower growth rate. The slower growth of
autotetraploids may result in their flowering later or over a longer period
of time than their diploid progenitors (Datta, 1963; Roy and Dutta, 1972;
Jinno, 1958). In autotetraploid Ocimum kilimandscharicum flowering
occurs 30-45 days later than the diploid, with the flowering period of the
former being about one and a half month longer than that of the latter
(Bose and Choudhury, 1962). A shift of 1 week or more in flowering and
fruiting time may significantly alter a plant's relationship with pollinators,
seed dispersers, and predators. Whether such a change was advantageous
would depend on circumstances specific to the area in which the
polyploids occurred.
Another reason for the late flowering in Morphotype L may also because
it grows at high altitude than Morphotype K. In general plant growing at
relatively higher altitude enter a bit later into a particular phenophase and
register a longer duration of each phase and there by long lifespan than
their counterparts at lower altitudes, similar observations were observed
by Kalisz and Wardle, 1994.
5.5: Reproductive biology
5.5.1: Floral Organization of Peganum harmala
Flower is the structure directly involved with pollinator attraction and its
morphological and functional traits affect the reproductive success of the
plant. Peganum harmala produces large number of bisexual flowers per
plant. The species produces white-yellowish showy flowers which help
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the plant in attracting large number of pollinators. Successful pollination
of an insect-pollinated plant depends upon its attractiveness to pollinators,
and on the ability of the pollinator to deposit enough compatible pollen
on the flower’s stigma. Vaughton (1998) and Ashman et al. (2001)
reported that plants with increased floral display usually receive higher
numbers of visits by pollinators. Floral display, shape, size and colour are
the visual traits assumed to be attractive to pollinators (Caruso, 2000;
Worley and Barrett, 2000; Ashman, 2003; Irwin and Strauss, 2005).
5.5.2: Pollen morphology and size
Pollen grains in Peganum harmala are spheroid, sub-prolate to prolate
and tricolpate in both Morphotypes. Our results are in conformity with
that of Perveen et al. (2006), who also reported that pollen grains of the
species are tricolporate, sub-prolate to prolate. The pollen diameter of
Morphotype K and Morphotype L is 16.77 ± 0.18 µm and 18.75± 0.31µm
respectively. Pollen diameter was found to be greater in Morphotype L
(tetraploid) as compared to Morphotype K (dipoloid). Similar results
were also obtained by Stebbins, (1971), Sadiq et al. (1982), Oliveira et al.
(2004) and Spaniel et al. (2008), who reported that there is a positive
correlation between the size of the pollen and ploidy level. Hanife et al.
(2011) studied pollen morphologies of six species of the genus Achillea
and observed that pollen grains were heterogeneous between species,
subspecies, and between specimens of the same species/sub-species
collected from different localities and attributed these differences to
difference in ploidy level.
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5.5.3: Pollen viability and in vitro pollen germination
Pollen viability can influence many aspects of population ecology and
evolution and the quality and quantity of the pollen produced by a plant is
an important component of sexual reproductive success. The pollen
viability in Morphotype K is very high (89-90%), whereas in Morphotype
L it is about 87%. Our results are in congruence with Dhoran et al.
(2011), who reported that the diploid species of Asparagus racemosus has
high pollen viability and germinability than that of tetraploids. Our results
are also in agreement with the findings of Deromedis (1974) and Sadiq et
al. (1982), who also reported that tetraploids have low pollen viability as
compared to diploid counterparts.
The in vitro pollen germination studies reveal that the overall pollen
germination was noticeably low. The media containing sucrose and boric
acid yielded highest (9.33 %) pollen germination. Similar observations
have also been made in Cucurbits (Dutta et al., 1976). Vasil (1960)
hypothesized that the role of boron in pollen germination as well as in
pollen tube growth may be 3-fold: (1) it promotes absorption of sugars by
the pollen for metabolic processes by forming sugar-borate complex; (2)
it increases oxygen uptake and (3) it is involved in the synthesis of pectic
materials for the wall of the actively growing pollen tube. Komari et al.
(2009) observed that maximum percentage of pollen germination was
recorded at 6% sucrose + 0.01% boric acid in Trichosanthes dioica.
Similar response of the pollen grains has been observed in many other
species such as Digitalis purpurea, D. grandiflora and D. lanata
(Romaisa, 2004) and the pollen germination were highest for 6 hour time
period and it decreases significantly with decreasing time duration.
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5.5.4: Pollen SEM studies
Pollen SEM of both the Morphotypes show significant variation. In
Morphotype K the SEM study reveal that the colpi are ectocolpus, long
with acute ends. The muri are dense, elevated and thin enclosing irregular
shaped lamina, where as in Morphotype L the colpi are long with uniform
thickness, the muri are less dense, smooth and thick enclosing lamina.
Hanife et al. (2011) while studying pollen morphologies of six species of
the genus Achillea observed that pollens are heterogeneous between
species, sub species, and between specimens of the same
species/subspecies and attributed these differences to difference in ploidy
level.
The exine wall of the pollen grains of flowering plants display patterns of
ornamentation (the external aspect of pollen grains, also called
sculpturings) that is highly diversified. The reasons accounting for such
variation in the ornamentation of pollen grains in flowering plants still
remain unclear. The pollen of both Morphotypes show reticulate
ornamentation which must be associated with biotic pollination. Among
the different types of relationship implying pollen ornamentation that
have been suggested, the existence of a link between exine sculpturing
and pollinator type has often been proposed and was even evidenced in
certain situations. It is often considered that smooth pollen grains are
associated with abiotic pollination (wind or water) while echinulate or
reticulate pollen grains are associated with biotic pollination, particularly
entomophily (Lumaga, 2006; Tanaka, 2004) which is in conformity with
our results.
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5.5.5: Pollen emission and stigma receptivity
In Peganum harmala, just after anthesis, the anthers start to dehisce,
while the stigma remains concealed within the flower. Once the anthers
dehisce, the stigma starts to emerge out and becomes receptive within 2
days. Dichogamy (protandry) is the possible mechanism in Peganum
harmala that prevents selfing in hermaphrodite flowers. Protandry is
distinct in the species and is well known adaptation to out crossing as also
demonstrated by Castro et al. (2001) in Ferdinandusa speciosa. However,
there are possibility of selfing in the species as the essential organs i.e.
androecium and gynoecium are not separated spatially enough which will
facilitate selfing in the species. The receptive stigmas are slightly exerted
but are well within the reach of dehisced anthers.
Hentrich et al., 2010 also observed in Voyria caerulea and V. rosea, that
the stamens and stigmas were positioned close together, enabling the
plants to self-pollinate. Nevertheless, Voyria caerulea and V. rosea were
visited only rarely and irregularly by the long-tongued bees. The study
revealed that these two species follow a mixed selfing-out crossing
strategy to ensure seed production when pollen transfer by visitors fails.
The protogynous nature and floral architecture in Peganum harmala also
points towards mixed selfing- out crossing nature of the species.
5.5.6: Pollen–ovule ratio
The pollen–ovule ratio is an important floral trait that reflects the
breeding system of a plant (Cruden, 1977; Preston, 1986; Bennett, 2001;
Jurgens et al., 2002). An increase in the pollen-ovule ratio from
autogamous to allogamous taxa provides a reasonable index of the nature
of breeding system operative in the species (Cruden, 1977; Wyatt, 1984;
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Preston, 1986). Cruden (2000) considered that the P / O indicated the
efficiency with which pollination takes place, i.e. the likelihood of a
pollen grain reaching the stigma to result in maximum seed set. Thus,
autogamous plants would have a low P / O ratio because pollination
efficiency in these plants is higher than that in outcrossing plants. In
autogamous taxa, the pollen production is less, numerically compatible
with ovule number-requiring few pollen grains per ovule because
pollination is easily realized in self-pollinating taxa. Whereas in
xenogamy, out crossing involves the uncertainties that accompany
reliance on pollen vector and necessities greater pollen production.
In Peganum harmala pollen to ovule ratio ranges from 2862.91 ± 90.78
to 2905.14 ± 93.25 in Morphotype K, whereas in Morphotype L the
pollen to ovule ratio is about 2075.71 ± 40.22, the moderate P / O ratio in
both the Morphotypes indicate that facultative xenogamy is operative in
these Morphotypes. In Morphotype K (diploids) the pollen to ovule ratio
is higher as compared to Morphotype L (tetraploid). Similar results were
obtained by Fukuhara (2000), who reported a negative co- relation of
pollen ovule ratio with ploidy level in Corydalis orthoceras.
5.5.7: Pollen mother cell meiosis
In the present study chromosomes number in Morphotype K was worked
out to be 2n = 2x = 24 with 12 bivalents at metaphase, whereas in
Morphotype L the chromosome number was observed to be 2n = 4x=48
with 24 bivalents at metaphase. Many workers (Fedorov, 1974;
Magulaev, 1976; Ma et al. 1990; Díaz Lifante, 1991 and Ruiz, 1991,
recorded chromosome count of 2n = 2x = 24 for the species. However,
during the present study two cytotypes were recorded (diploid and
tetraploid) for Peganum harmala. The diploid cytotype is growing in
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Kashmir valley and tetraploid one in Ladakh region. The tetraploid
shows diploid-like meiotic behaviour with normal 24 bivalents at
metaphase and equal number of chromosomes segregate to each pole at
anaphase-I.
Riley and Chapman (1958), Sears and Okamoto (1958), and Riley et al.
(1960), also reported diploid-like meiotic behavior of hexaploid wheat
(Triticum aestivium) with chromosome number of (2n = 6x =42). Kimber
(1961), Rajhathy and Thomas (1972) demonstrated that diploid-like
meiotic behaviour in hexaploid oats and tetraploid cottons is genetically
controlled and there is a strong indication of a similar control in other
crop species. The authors attributed this diploid like behaviour of the
polyploidy to genetically controlled phenomenon.
It has been observed during the present study that tetraploid cytotype has
more adaptation to colder and higher altitude as compare to diploid
counterparts. Greater adaptation to colder and high altitude also reported
by Goral et al. (1964), Choudhury et al. (1968) in Trifolium pretense and
Brassica campestris respectively. Thus, polyploidy is a major mechanism
of adaptation and speciation in plants (Stebbins, 1950; Grant, 1981; Otto
and Whitton, 2000 and Levin, 2002). Tischler, (1935) and Hagerup,
(1932) have put forth the theory that there is a higher percentage of
polyploid species in regions with unfavourable climatic conditions than
in climatically favourable regions.
5.5.8: Pollination mechanism
Peganum harmala was observed to be pollinated by few insect visitors
belonging to different genera (Hymenoptera and Diptera). It has been
observed during the present study that the two Morphotypes are
pollinated by different pollinators. Apis was the major pollinator in
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Morphotype K (diploid) as it registered highest number of visits;
however, Xylocopa is the major pollinator in Morphotype L (tetraploids).
Movafeghi et al. (2008) also observed honeybee (Apis mellifera) as the
main pollinator of P. harmala which is in conformity with our results.
Taylor and Smith (1979); Segraves et al. (1999), also reported that
polyploids have different pollinating visitors as compare to their diploids.
Thompson et al. (2008) also found that diploid and tetraploid plants of
the genus Heuchera attract different pollinators. Lasioglossum bees
preferentially visited diploid plants and queen Bombus centralis visited
tetraploids. Hence, diploid and autotetraploid Heuchera grossulariifolia
plants act essentially as separate ecological species and may experience
partial reproductive isolation through differential visitation and
pollination by their major floral visitors. Present investigation
complemented with results from other studies; suggest that the repeated
evolution of polyploidy in plants may contribute importantly to the
structure and diversification of ecological interactions in terrestrial
communities.
The plants of Morphotype L were less frequently visited by insect
pollinators compared to plants of Morphotype K. At higher altitudes due
to severe climatic conditions, the pollinator visiting efficiency was low.
In Peganum harmala nectaries are present at the base of ovary which aids
in attraction of pollinators. Movafeghi et al. (2008) also reported insect
favored hexose rich nectar in the species. Hexose-rich nectar has been
found in flowers pollinated by short-tonged bees, bats, perching birds and
flies (Stiles and Freeman, 1993; Baker et al., 1998). Nectar does not
perform any other role in the flowers of angiosperms apart from alluring
the pollinators (Harborne, 1993).
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The present investigation revealed that the species produce large number
of flowers which are showy with large nectries present at the base of
ovary, protoandry and moderate to high pollen ovule ratio depicts cross
pollinated nature of the species. However, architecture of flower in which
essential reproductive organsare not separated enough facilitates selfing
in the species. It is thus concluded that the species is having mixed
selfing-outcrossing strategy.
5.6: Seed biology
5.6.1: Seed set and viability
The data on the percentage seed set for the different populations studied
in Morphotype K (diploid) ranged from 69.22 to 69.64%, while as in
Morphotype L (tetraploids) the percentage seed set was 66.21%. The data
reveals that the seed output in the species is low in Morphotype L as
compare to Morphotype K. Bijok et al. (1969) reported that percent seed
set in diploids are higher compared to their tetraploids. It has been also
found that plants at higher altitude produce less seeds as compared to low
ones because of less availability of pollinators at high altitudes (Bingham
and Orthner, 1998; Mohi-ud-din et al., 2006).
The viability of seeds in Morphotype K (diploid) varies from 89.53% to
90.33% while as in Morphotype L (tetraploids) the seeds show 86.13%
viability which indicates that seeds of Morphotype K (diploid) are more
viable as compare to Morphotype L (tetraploids). Pablo et al. (2004) also
reported that polyploids have less seed viability as compare to diploid
counterparts which is in conformity with our study.
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5.6.2: Seed morphology and seed weight
The importance of ultra-structural pattern analysis of the seed coat
observed under the SEM has been well recognized as a reliable approach
for assessing phenetic relationship and identification of species or taxa
(Koul et al., 2000; Yoshizaki, 2003; Javadi and Yamaguchi, 2004).
Gandhi (2011) studied morphological and micro morphological
characterization of some legume seeds and showed that light microscopic
features supplemented with SEM proved to be a great tool to achieve
more accurate seed identification and can be helpful in identification of
species.
The morphological characteristics of the Morphotypes K clearly differed
from Morphotype L. Seeds of Morphotype K had seed coat surface
regular, reticulate testa with pentagonal or hexagonal shaped cells, the
cells are depressed with elevated cell boundaries. Our results are in
consistent with that of Soliman, et al., 2010 and Zhao, T 2011 who also
studies the seed morphology of the same species. However, the
Morphotype L had reticulate testa with irregular shaped cells; the cells
boundaries (murus) are elevated which clearly differed from Morphotype
K. These findings i.e. morphological, cytological and SEM studies of
pollen and seed support our view that two Morphotypes of Peganum
harmala are growing in Kashmir Himalaya.
The seeds weight of Morphotype K was 2.66 gms/1000 seeds and in
Morphotype L it was 4 gms/1000 seeds. The present study reveals that
both size and weight of seeds in Morphotype L is higher as compare to
Morphotype K. Similar observations have been obtained in Lotus glaber
by Pablo (2004), who found that the seeds of tetraploids are heavier and
bigger than diploid ones. Jaskani et al. (2002) also observed that fruit
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weight of tetraploid plants were significantly higher as compared to
diploid ones in case of Kinnow mandarin.
5.6.3: Seed germination
Pre-sowing seed treatments are used to leach out germination
inhibitors, soften seed coats and advance physiological processes.
Present study revealed that the seeds of Peganum harmala successfully
germinate in distilled water (80-86%), which indicates that the species
does not have seed dormancy. Among different treatments Thiourea, HCl,
H2SO4 and scarification yielded better result. Thiourea seems to be
necessary, because it performs dual function of increasing the growth
potential of embryo and to overcome the mechanical restrain conferred by
the layers covering the embryo by weakening the tissue (Finch-savage
and Leubner-Metzger, 2006).
5.7: Resource allocation
The resource allocation pattern of a species is programmed in such a way
as to achieve maximum evolutionary fitness. This partitioning of the
resources may vary according to the habitat and community characteristics
of a species. It was observed during the present study that in all the
populations most of the resources were allocated towards roots which
weights in kilograms. The biomass allocation pattern in Peganum harmala
reveals that the partitioning of resources is not uniform between
reproductive (flowers) and vegetative traits. Morphotype L allocated more
biomass to their above-ground parts than Morphotype K. Morphotype L
invest relatively more in reproductive structures than Morphotype K.
Reproductive resources among floral parts like stamens and carpals are
also variation with more allocation towards stamens than carpals. Such
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increased strategies in the biomass allocation to male reproductive
structures suggest an out- breeding nature of the species. The same results
were also observed by Huang et al., 2004.
The biomass allocated to different parts in the species was significantly
higher in Morphotype L than the plants of Morphotype, K. The differences
in the resource allocation may be environmentally induced. The
environmental factors include plant density, soil fertility, habitat
characteristics, stability of the plant communities and altitude etc.
(Abrahmson, 1979 and Kawano and Masuda, 1980). Increase in biomass in
Morphotype L may also be associated with an increase in level of
polyploidy. The same has been found by Garbutt 1983 in Phlox
drummondii Hook.
5.8: Vegetative propagation
Peganum harmala propagate through vegetative as well as sexual means.
Vegetative methods employ by the species are the perennating buds borne
on the underground roots. At the end of growing season, the root remains
dormant during winter and start produce 50-150 perennating buds in next
growing season. These buds give rise to new shoots. These newly
established shoots give rise to numerous flowering shoots in each
flowering season, this feature not only helps the plant to establish the
population at a particular site but also ensures perpetuation even in
absence of seed setting.
It has been found that soil and moisture has a profound effect on root
germination. It has been observed that root show maximum germination
at ½ the field capacity in sand: soil (2:1). It is clear that the plant grows
best in soils with low moisture retaining capacity and mostly in sandy
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texture. Our results are in conformity with that of Mahmoodian et al.
(2002) and El-Bakatoushi, (2011), who also reported that the species
mostly grows in semi-arid rangeland, steppe area and sandy soils with
low moisture retention capacity.
5.9: HPLC and TLC
The two populations of Peganum harmala in Jammu and Kashmir
(Morphotype K and Morphotype L) were compared with the population
of China using HPLC and TLC analysis. The result of this analysis
clearly showed that all the three populations belong to the same taxa
Peganum harmala. It is therefore concluded that the Morphotype K and
Morphotype L cannot be given separate species status. However these
two populations were quite distinct in terms of morphology, cytology and
geographical distribution therefore they may be considered as two
Morphotypes or Cytotypes of the same taxa. Occurrence of diploid and
tetraploids in Kashmir and Ladakh respectively may be attributed to the
fitness of their growth forms in the respective areas. But still a molecular
characterization is needed to delimit their exact status.
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